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PREFACE TO FIRST' EDITION. 


The sole object of the diapters comprising this volume is 
to give the reader a general view of the principles whiith 
underlie the several maim fact ui'ea desci'ibed. It is in no 
way intended to j)n'sent such a.u acccuiit of details as will 
suffice lor tlie atudeid, of any particular indiistt-y, as indee<l 
must be obvious from the size of the book. 

The usefiiln(‘ss with which the, authors venture to 
acciTMlit th(‘ii- work is to b<‘ found in the tact that it 
seciks to expound those dominant principles which are 
too often hidden beneath masses of meri! detail, and 
are conseipuuit! v apt to lie overlookoal liy the specaalist in 
any oiu; liraiH*!), to Ids detriment, in that ho fre([U(‘ntly 
fails to ap()ly to his own work principles which are inattei s 
. f common knowledge elsewhere. 

'These i-eniarks are rendeiiMl neci'ssary by the fact that 
the scope and intention of the lirst volume of this book 
appear to have been o(‘casioiia,lly misunderstood. 

The Ibbliogiaphy, which will lie found at the end of the 
woi'k, will serve to imlicate the sources of information 
which ai'e at hand for those who desire further details on 
any particular subject. 

In this volume the authors have had the able advice of 
Mr. Geo, 11. Hurst concernitig the technique of Bleaching 
and Dyeing, and they take this opportunity of thanking 
him for his valuable assistance. 


London, October, lS9f>. 
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FOl^ SULPHUj. 

pyrites, the burnt residuum usually containing from 2 tb 3 per;; 
cent, as basic ferrous sulphate, and suljftiates of mAtals such as., 
sine and co|)per, the oxides of which are strongftr bases than 
ferric oxide. In the case of cupriferous pyrites, which is burnt 
and r^urned to the copper smelter, it is not desirable to burn- 
the whole of the sulphur, as for the extraction of copper there 
should be present 1 to times its weight of sulphur. If, on 
the other hand, the ore is poor in copper and intended to be 
extracted by the wet way, roasting as completely as possible is 
sure to leave enough sulphur (see Copper, Vol. L). 

Not only do the smaller fragments of crushed pyrites need to ; 
be burnt in furnaces difterent from those used for lump pyrites, 
but spent purifier from gas works (see Destructive distillation^ 
Vol. II., Chap. HI.) has also to be treated in a similar manner: 
The burner for smalls must be so arranged that the material 
is spread in a fairly thin layer, inasmuch as the kiln form, 
described above, would be speedily choked. The smallS 
Taurner is sliown at C in Fig. 1. It consists of a rectangular 
firebrick box provided with horizontal fireclay shelves, so, 
arranged that the smalls can be raked from one to the next ‘ 
below by a rake inserted through the opening. The smalls 
are fed in through the hopper, D, and when they have been 
distributed on the shelves the combustion is started by the 
fire on the grate, E. The smalls, when once ignited, evolve 
sufficient heat to maintain the combustion. When the burner 
i.s working normally the whole of the necessary air is admitted 
through the lowest door, and the smalls are only completely 
burnt on reaching the lowest shelf, at whifch stage the burnt 
material contains from 1 to 2*5 per cent, of sulpliur. Variouii 
mechanical burners for pyrites smalls have been devised, the 
■object in view being to keep the pyrites stirred, and thus conr 
iitantly expose fresh surfaces to oxidation, but they have not 
met with extended application, as they tend to clog with the 
fine dust. 

When vitriol is made from sulphur, the simplest form of 
burner consists of an iron tray, on which sulphur is thrown 
from time to time, and there volatilised and burnt. In better 
forms of burner, provision lias to be made for the complete com- 
bustion of 5uch sulphur as is sublimed. This is effected by the 
addition of firebrick towers into which a subsidiary supply of air 
is introduced to cause complete combustion. When sulphur, 
instead of pyrites is used, the air is required to oxidise S only^ 
and not Fe as in the latter case, whence it results that the exit 
g|ases arqij'icher in SO^ and poorer in N thanstnose from pyritetf 
burners. . the diflference is indicated by the fact that gases from 
'Sulphur burnefs contain 11 per cent, of SOg as compared with 
per cent, from pyrites burners. The amount of 
.is\bpat 10 per cent., the balance being, of course, t^itrQgejK^v 
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’ ■ ■ . ■ ‘ft ' . 

Atimlier sofarce of SO~ for the manufacture of sulphuric 
b ziuc blen'^Je (see 2^tnc, Vol. I.), which is roasted in mu®,! 
Ihmaces heair3d by generator gases and provided with heatinm 
diannels for warming the in-coming air so as to insure the com^ 
plete oxidation of the S of the blende. In order the b^ter to 
attain this end, the roasting is done systematically, the ore 
being transferred from one muffle to the next through a series. 

Sulphuretted hydrogen, such as is produced from alkali waste (see 
Alkali^ Vol. IT.) or by the neutralisation of crude ammoniacal liquor 
from gas works, can be burnt to SOg and water, and used as a raw- 
material in the production of sulphuric acid. 

Sulphur dioxide is frequently made by the methods desciibed 
above for producing sulphurous acid and sulphites, which are much 
used in paper-pulp making {q.v. Vol. IL). Where a solution of 
Btdphnrous acid is alone required, the kiln gases are scrubbed with 
ft small amount of water (which soon becomes saturated), and are 
absorbed in cold water flowing down a coke tower. To prepare 
liquid SO 2 , however, it is necessary to obtain the gas free from 
admixed nitrogen, in order that its partial pressure may be as higli 
as possible. For this purpose the solution of sulphurous acid in 
water is heated in leaden retoits, and the SOg thus expelled is 
dried by scrubbing with vitriol, and is compressed in an ordinary 
^ compressor, about 2*5 atmospheres being required. The liquid ' 
SOg is collected in iron and copper cylipders and drums, aiid^ 
for small quantities, in stout glass bottles. The liquid has a 
Bpecific gravity of about 1*4, and boils under atmospheric pressure 
at - 10* 0. = 14* F. It is used as a convenient and compact 
iource of the gas in many industries, and in some refrigerating 
dants, where it is serviceable only by reason of the fact that it 
volatilises easily, absorbing a large amount of heat in so doing. 

The chief sulphites commercially used are sodium bisulphite^ 
J^aHSOj, prepared by saturating soda crystals with SOg, and 
kormai sodium sulphite, NaoSOg, 7H2O, which is prepared by 
adding sodium carbonate solution to a solution of the bisulphite. 
Phe bisulphite is the less soluble, and finds application as an 
mtichlor. Calcium bisulphite, CaH 2 (S 03 ) 2 , prepared similarly^ 
s sold, in solution, for brewers’ use as a disinfectant, and, as 
reil as magnesium bisulphite, MgH„(S 03 ) 2 , is also largely used 
n paper making by the sulphite method (y.v.). f 

In the manufacture of sulphuric acid, however the SOg may 
lave been produced, it is led by a fiue, F (Fig. 1), common to a set 
tf burners, to the Glover tower (v.i,). In this flue one or morft 
usually two) nitre pots, G, are set. These consist of cast-iron 
resselSj’-generallj^qylinfirical, placed in the flue beneatlj hoppers 
ibrough which the nitre (sodium nitrate) is charged iA quantitiA 
if about half a cwt., sulphuric acid being introduced through 
^ijiUped siphon tubes, which servi as traps, to decompose the 

litrAtA ftnd lihArn.tR nitrip. np.id. Tim nrkfB nra wifli a tirttafA 
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^ipOj running through the wall of tK £ue, the 

miT6‘Cake y!^aHS 04 ) can be drawn ‘ r #hen the iarge ig 
hausted. The heat of the burner gas/- \ which have 
<>f about SOO*" C. s= 572" F., is also&ometimes utilised for con-. 
centrating chamber acid (v.i.). MuchMust is liable to be deposited 
in the Biie, particularly when pyritesfmalls and arsenical ores are 
bnmt. Where this deposit is large, |fc is needful to lead the flue 
into a dust chamber before it ent^ the Glover tower. This 
chamber is an enlargement of the flul provided with baffle plates, 
in Vhich the rate of the current of |ases is diminished, and the 
Stream mechanically broken up so thajf; the dust is thrown down. 
In works where chamber acid alone is'l^ade, and the Glover tower 
dispensed with (v.i,), it is necessary tofjcool the burner gases before 
they enter the lead chambers, which lis effected by greatly pro- 
longing the burner flue, in which castv tlie dust de[)Osits in this 
proloj;igption. The flue dust consists %iainly of burnt ore me- 
carried over, mixed with Ji’olatile impurities, chief 
an^^lnese being arsenious oxide ancu sulphuric acid (from the 
^ Position of sulphates of iron form^ in roasting the pyrites). 
4® Cllover Tower, H (see Fig. l)~the function of wbich, in 
reactions involved in the manufitcture of vitriol, will be dealt 
/ith later — is a strong structure, s(yiare or circular in section, with 
leaden walls lined with refractory and acid-proof firebrick, and 
filled with some acid- and heat-resisting material, such as flint or 
firebrick, arranged so as to distribute evenly liquid trickling down 
the tower ; it is supported on briek arches, uinlerneath which the 
pyrites flue enters the tower. The upper part of the tower, where 
the temperature is lower, may consist, as shown in the figure, of a . 
plate column such as that described under the liead Chambers. At 
the top of the Glover tower is a tank containing the chamber acid 
and the nitrous vitriol from the Gay-Lussac tower {v.i.)] this tank 
Supplies a distributing arrangement, such as a lead or glass wheel, 
K, worked by the reaction of the acid flowing from its radial arms), . 
The exit pipe, L, for the gases which ascend tlie tower is at the 
top, and is connected with the first chamber. 


Vitriol chambers are invariably made of lead — generally of a 
thickn(3ss corresponding with a weight of about 6 lbs. per square 
Toot-- and consist of rectangular “ curtains ” standing in “ saucers,” 
which are large, flat trays, the edges of whicli are turned up to a 
height of 1 2 to 15 inches. The sheets of lead composing the curtain, 
and those of which the saucers are made, are autogenously soldered 
burnt ”) by means of a hydrogen flame fed with a blafet of air- 
(see VoL I.), and are fastened to the framework of wood which 
stipporta them by lead straps— themselves “bernt” ond^o the 
— attached to the wood by nails coated with lead. The whole 
arrangement resembles a box; with' a loosely-fitting lid turned up- 
side down, and is shown in sgotioto across the longer axis of 
^at The whole is gas tight, on account of the saucei^co\tainmg 



s£«££“"~ 

PP that there m JTi i/a 

fee7ot;hTeMrL‘X^ t?at^h'^^^^^ *“*'*"’ P‘“"^ “«« 

hole, but on to the^ surface of tJ.e plat?(seo 



tor piato columns. 

Much liquid condenses in this column and this ai,l= +1 

gEr4*'’:h7h"trdS^^^ 

A still greater economy in chamber space is^effeoT^ 
fPride vertical leaden'shSriS ft °“®r ft inserting into them 

•SLt 5iese*diD int^tfe »« 

; ^ standing m the chambar tLi« 

■o. jdw le a^ circulates through these shafts, cooling the chamber 

g5"Sr:«E-x44ii‘".r“S 

H arranged like the Glover 

Ibout^Ts To 4 o"®rl““’ somewhal:;; 

5“'’"^ o3 to 40 feet in heisht A «a .> 


Jr ^ 

■^h© top contains vitriol of ^cific sravity l-f5 ( 81*5 jpef 
cent. H2BO4), which is raised A this position frJln the 
;>gg" shown ^it 0 in Fig. ]« The method UJr which it k 
raised involves the use of no ifiving parts, compressed air beln^- 
foTced into the egg, and drivjp^g the acid up the pipe leading 
therefrom to the tank at the of the Gay-Lussac tower. Tlw 
acid flows from the cistern in#a distributor similar to that used 
for the Glover tower, and ali&dy described. Where two Gay-, 
Imssao. towers ai'e employed, tp gasses pass from the top of the 
first into the bottom of the i^cond. In either case, a proper 
draught is secured by a pipe, l\^unning from the toj) of the Gay-, 
Iiussac tower to a chimney shaf|' Inasmuch as the acid which has 
passed down the Gay-Lussac to|per has to be raised to the top of 
the Glover tower by an acid eg^]ike that already described, it ia' 
chstomary to build the towers si^ by side. 

Manufacture of Nitric Acid|^In tliose vitriol works in which- 
nitric acid is used as such (v.i), i§stead of being generated on the 
spot in nitre pots as described a®ve, an ajjparatus for its produo* 
tion necessarily forms a y)art of plant. As this is similar to the 
plant employed by makers of th&acid for other purposes, it will be 
described here. In all cases, it® made by heating sodium nitrate 
with strong suliduiric acid in cyt-iron retorts. In English woiks 
these are generally horizontal flinders, 5 feet x 2 feet, closed at 
each end by a sandstone slul^ (Yorkshire flags), one end being 
permanently affixed and provided witli an exit pipe for the acid 
vapours, tlie other end serving as a charging door. Nitric acid has 
but little action on the iron, provided it be strongs if weak, a 
-considerable action occurs. For this reason the whole of the 
iietort should be kept hot to prevent the aqueous acid condensing 
on its ui)per ])art, a ])rocoeding preferable to lining the upper part: 
with firebrick, as is som(;times practised. The liigli temperature 
the upper part of this still is secured by an appropriate setting of: 
the cylinder in its furnace. The quantity of nitric acid obtainable 
by the use of any given weiglit of sulphuric acid depends primarily 
upon the temperature employed. Thus, if the tem])erature be 
comparatively low, the reaction occurs between equal molecular 
proportions of sodium nitrate and sulphuric acid. Thus- 
NaNOg + ir^SOj = HNO3 - NaHSO^, 

whereas wfien it ia higher two molecules of nitric acid are 
lijberated by one of sulphuric, 

2NaNOg +‘ HaS 04 2HN08 + No^SO^. 

In practice it is not economical to use jiiopojtions conj^plying; 
w,ith eitl^r of these equations. Fojr the firsty an undue aniouiit^ 
ot^ulphurifc acid is needed,* and in the second case the higsJ:' 

. In soda works ample vitriol can be used with economy, for the res^aB; 
□it<the nitric acid still goes to the s^t-cake furnaoe, and is thfte 
fliafun. : v; 
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|iji^d)peratiii'6 ^decomposes much <f the nitric acid as soon as it 
/ji formed, anVi, moreovef; the soaium sulphate produced is solid, 
>aDd even at It'gh temperatures is didicult to remove from the 
lySbrfc. Furthermore, it is not c».stomary to use the strongest 
tjOBimercial vitriol (specific gravity 1-84) because this has a 
^tendency to dehydrate the nitric acid, producing oxiflies of 
nitrogen. The sulphuric acid actually employed is often of 
specific gravity 1*72 (79 per cent. H.,SOJ, and is used to the 
extent of about 25 per cent, in e> cess of that required by the 
second equation, given above, [n this case the residue in 
the retort (“nitre-cake”) is a mixture of Na.>S 04 and NaHSO^, 
add is sufliciently liquid to run o it when the charge is worked 
off. The charge consists of 1 J cwb. sodium nitrate (95 per c<;nt. 
NaNOg) and about an equal weiglit of sulphuric acid of specific 
gravity 1*72. The form of retort most in vogue on the Continent 
Is a cast-iron cylindrical pot, 5 ft. x 5 ft., with a wide neck fitted 
with a cover, the whole being er. closed in a furnace so that con- 
densation may not occur at any part. A tube at the bottom of 
the retort serves for running ofi'' the nitre-cake, and anotlier at 
the shoulder as an exit for the acid vapours. 

• The apparatus employed for condensing the acid usually con- 
sists of a number of two-necked stoneware Woulfe’s bottles. 
The acid which condenses in the first of these is the strongest, 
but the most impure, containing s[)lashings from the retort 
and oxides of nitrogen. That at the far end of tlio series 
contains chlorine (from the cliloride present in commercial 
sodium nitrate), and is comparatively weak. Any acid still 
uncondensed is caught in a tower or plate column, which, in 
the case of a plant attached to a vitriol works, is fed with 
sulphuric acid (specific gravity 1*75), and the resulting nitrous 
vitriol used in the Glover tower. Otherwise the tower is fed 
with water. The crude nitric acid when first condensed i.s red 
from the presence of oxides of nitrogen. For some industries 
this is an advantage, and indeed a so-called “nitrous acid” is 
made by the addition of reducing substances — e.ff., starch and 
sulphur — to the charge. Where a colourless acid is required, 
however, the red acid is “bleached” by warming and blowing 
air through it, the gases evolved being caught in the tower 
mentioned above. When the acid is used in vitriol fyorks, this 
refining is unnecessary. 

The condensing process just described has several defects — 
the liability to fracture of the coridensing pots, and the 
contamination of a great part of the acid with oxides of 
'nitrogen. * • * 

Moreover, the distillation is slow, and the yielcf of strong- 
‘Wid falls considerably below the theoretical limit, owing to the 
fcifthatyfthh acid is not collected fractionally. These difficulties, 
said to be overcome by Guttraann’s method of condensation* 
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Hw condensers Fig 3 ) oo ist of pairs of stoAaware pipe*^' 

*ri*u® •’ ** ^ondensatibli, and .con. 
nected at the top by p bends, . ad inserted at the ^lottom into a 
r^mng^pipe, B, with diaphr ^ms between the le'^s of each 
bepd, so that the condensed agd collects and can be drawn off 
put of a)ntact with the still ul^ondensed gases. The final exit 
gases are caught in a plate t|«rer. The system is said to be 
particularly adapted for the miiufacture of the strongest nitric 
acid, free from oxides of nitrcfen, such as that required for the 
manuiacture of explosives. ^ 

Another^ethod, said to |ield good results, especially in 
avoiding the foaming of the chi|ge, which is a serious difficulty. 



Fig. 3, Nitric acid still and condensers. 


W that proposed by Uebel, in which polysulphate, Na'HJSOX 
IS iised to decompose the nitre, the polysulphate being regener- 
ated by the addition of sulphuric acid. The reactions may bo 
represented by the equations — 


and 


NaH 3 (S 04 )a + NaNO, 
2NaHS04 + 2H3SO4 


2NaHS04 + HNO„ 
2NaH3(^4),, 


9 


T^quanfity of polysulphate obtained is, of course, double th 

wth which the cycle was started. 

In working the process, t^o stills, placed side b;p sxle, ffto 
IH^tnately charged with nitre and polysulphate, th^ latte^, 


pig lotrojiucea graauaiiy at a temperature of ISa 

m.160 C. ^248® to 30£* F.). Thi atill is then heated by flui 
ifHies to a tetfiperature of 170* 0. (338* F.), nitric acid of 95 pei 
^nt. distilling off in the meanwhile. In order to decompose 
the last portions of nitre, the contents of the still are run int< 
L ' third at a lower level, kept at a constant temperature o; 
ijiout 300" C. = 572*F. ; this still always contains some sodiun 
liisulphate. When the whole of the charge has become bisul 
phate, the greater part of the latter is run off into a tank, 
together with sulphuric acid of specific gravity 1-71 (78 pei 
jent. HjSOJ, sufficient to form the polpulphate, the watei 
jontained in the sulphuric acid being driven off by the heat 
)f the bisulphate. The polysuljffiate produced is run off into 
3ots from which half of it is again introduced into the stills 
vhilst still hot, the other hal.‘ finding application in many 
ndustries instead of sulphuric acid. As soon as the first still 
)as been emptied into the thirc., the second is charged, so that 
ihe process is practically contini ous, whereby fuel is saved. 

Several grades of nitric acid are prepared for industrial use, 
[Jommon aqua fortis is a dilute icid, and of specific gravity 1 ’ 3 ; 
t contains about 45 per cent, of HNOg. It is used for parting 
;old and silver, for preparing silver nitiate and for pickling metal 
;,^ood 8 . A stronger acid, of specific gravity 1*42, containing 69 per 
cent. HNOg, is also employed for similar purposes. This corre- 
spends with the hydrate and distils unchanged at 

120" C. 248" F. at ordinary atmospheric pressure. A stronger 
..acid of specific gravity 1*5, containing 02 per cent, of HNOg, is 
also prej)ared, and is employed for nitration (see Ex<plosweSy Vol. II., 

' Chap. Xyil.). This acid boils at 86 " 0. = 187" F. with partial 
" decomposition into water, oxygen, and oxides of nitrogen, so that it 
cannot be distilled unchanged at the ordinary pressure. Prao* 

■ tically, anhydrous nitric acid can be prepared from any weak 
-^cid by distillation with strong sulphuric acid. The chief 
, impurities in nitric acid, as commonly made, are sulphuric acid 
ahd sodium sulphate, chlorine, oxides of nitrogen, iodic acid 
«nd perchloric acid (from iodate and perchlorate in the sodium 
nitrate), and iron. 

Conversion of SOg into HgSO^,— The SO„, produced as 
already described in the pyrites burners, passes into the Glover 
tower in company with nitric acid vapour from the nitre pots, 
and sufficient oxygen (derived from the excess of air necessary 
to burn the pyrites). The reaction of SOg with nitric acid ir 
imoording to the following equation : — 

280^ + 2HNO, + 11,0 = 2 H 3 SO 4 + ' 

r ^It i^f stated by Ramsay that NA can only exist in the liquid state,;/ 
iiend becomes NO + NO 3 on evaporation. In this case, it could not bs 

r r ■■ . ^ 
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LTlid teiptiona that occur in thlKlover tower will 
and will be referred to dg». ^ 

As soon as the gasesj conaiatiijp of SOo, air, and NfOg, reaph the 
chambers, they come in coiitac&itli steam, which is injected by . 
the jets (R, Fig. 1) supplied ^m a boiler. When fuel is dear^’ 
water-sprays forced under pressfte through platinum nozzles on to a 
platinum button, so as to “ pu^rise ” the jet, have been used, but 
are liable to the objections t^t they cool the chambers below 
40" C. = 104° F.-— the minium temperature for satisfactory 
working — and neither aid the difaught nor promote the mixing of 
the chamber gases. The most pi'^)able explanation of the formation 
of sulphuric acid from these gas<^ and of the way in which the oxide 
of nitrogen serves as a carrier of atmospheric oxygen to the SO^ iSy 
that the SOg, N2O3, O, and combine to form nitrosyl- 
sulphuric acid, according to the .equation — 

2 SO 2 + NjOj + Oj Hi'IIjO =2 SO,|^^qj. 

The substance thus produced may.be regarded as sulphuric acid in 
which an atom of hydrogen of one of the hydroxyl groups has been 
exchanged for the radicle (NO), vJn the ev<'ntof the a,tmosphere of 
the chambers being unduly diy, nitrosyl-sulphuric acid may be 
actually deposited as a white ^muss (“chamber crystals”). In 
contact with more water, however, it splits up thus — 

2S02(0H)(N02) + HjO = 2H2S()4 + NgOg, 
the cycle of changes being tlien repeated.* 

( It must not be supposed that the reactions in the vitriol 
chamber constitute such a regular cycle as has been indicated. 
Variations depending upon alteration of conditions, such as the 
wlative mass of one or other of the reacting gases at any particulai' 
part of the chambeiyand the temperature prevailing in different 
parts (portions near the wall being lower in temperature than 
, ^lose in the centre of the chamber) undoubtedly occur. The main 
ppipt to be comprehended is, that one or more of the intermediate 

, liberated under the conditions obtaining in vitriol making ; the equation 
mustr therefore, be modified thus— 

SSOa -H 2HNO, + 2^,0 = + 2NO. 

.Corresponding^! temative equations will be quoted for the reactions taking 
place at other stages of the process. 

'* Adopting the view that N 2 O 8 does not exist at the temperature of the 
chamber (above 40* C. = 104^ F.), the equation would be— 

2 SO 2 + 2NOa + 0 + HjO = 2S(^(0H)(N02). ^ 

The decOmfosltion of this substance then takes place, •by its reacting with 
a.Iarther quantity of SO 9 and water, thus— 

2 S 02 ( 0 H)(N 09 ) + S02,+ 2 H 2 O = 3H,S04 + 2NO^ 
luteogen dioxide is then regenerated by with nY-vL-An... .. 

NO + 0 «NO,. 
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'"iiides 6f .Nitrogen se^ve, by dint of their chemical mobility, a?) 

% carriera of oxygen from the air tf« SOg. The equations formerly 
supposed to^ represent these changes illustrate this fact in its 
■Amplest form — 

N0 + 0:^N08. 

SOj + Is02 + HjO =' H 2 SO 4 + NO, 
the cyc^e being then repeated. 

However the sulphuric acid may be generated, it forms as a 
mist, which gradually rains down upon the botU)m of the chamber, 
constituting tlie chamber acid refcred to hereafter. On account 
of the need for thorough intern ixture of the reacting gases, 
and of the condensing influence of a considerable surface upon 
them and u})on the mi.st of .suljhuric acid formed, it is found 
inexpedient to use one large chamber, two or more of moderate 
size being preferable, and, recently, small lead chambers, or even 
plate columns between larger chambers, as referred to above, have 
l)een tried with satisfactory results. In any case, the cubic 
content of the chambers must be great (v.s.), because a large volume 
of inert nitrogen from the air has 10 be handled, and a raf)id current 
of the gases is undesirable, as prohibiting the proper fulfilment of 
their interactions. In the la.st e,hamber, an excess of air and 
nitrous gases and but little SO.2 should be present. The excess of 
air used to burn the pyrites (v.s.) should suffice for the complete 
final conversion of NO into N.2O3 or NOg, as otherwise the re- 
covery of this gas cannot be effected in the Gay-Lussac tower, 
into which tlie exit gases from the chambers pass. 

The only permanent gas necessarily remaining after the forma- 
tion of HgSO^, is the nitrogen of the air. But for the presence of 
this gas, the manufacture of vitriol might almost be conducted in 
a closed space. Failing pure oxygen cheap enough to be used 
instead of air, it is necessary to provide some means of collecting 
the nitrogen oxides, which would otherwise be carried away with 
the nitrogen which esca})es up the chimney stack. This is the 
more requisite as the nitrate employed is the most costly reagent 
used by the vitriol maker. In good j)ractice, 3 to 4 parts of 
sodium nitrate are needed per 100 parts of sulphur burnt, this 
being entirely owing to the unavoidable loss, even when a Gay- 
Lussac tower is used. It will bo understood that, in an ideal 
plant working with a perfect cycle of reactions, no nitrate after 
the first batch would be needed, but this state of things is never 
approached, not only on account of the mechanical loss by escape at 
the exit flue, and by dissolution in the chamber acid (in works where 
chamber acid ist used rithout concentration in the Glover tower), 
but also by reduction of a portion of the higher oxides 6f nitrogen 
to nitrous oxide and nitrogen, which are unabsorbed in the 
C^y-Luss^c, and still further by some nitric oxide escaping' 
conversliou into higher oxides in the last chamber, and beings 
iherefoie, uu^sorbed in the Gay-Lussac. The Gay-Lussac -tower- 
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^ 4ias been already described. T‘ ^ vitriol flawing dowi? it meets the 
exit gases, and absorbs therf Jbm the * foima in the last 
chamber, combination ensui;^ - with the producticfh of nitrosyl- 
fiulphuric acid, according to ^ equation — 

2H2SO4 + N 2 OA 2S02(0H)(N02) + H 2 O. 

The quantity of vitriol req»ed for this purpose is considerable, 
amounting to about half the^ake of the chambers, because, if it 
be allowed to absorb too muc^^gOg, giving a product unduly rich 
in a portion of the latt^ is likely to escape. It must have 

a specific gravity of at least||-72 (79 per cent. 11.^804), weaker 
acid absorbing badly. The ^^aturated acid (“nitrous vitriol”) 
running out at the foot of tl^ Gay-Lussac is pumped by means 
of an “acid egg” to the top’%)f the Glover, and is there dis- 
tributed and allowed to floW^^down the tower in the manner 
already described. 

The nitrous vitriol, mixed >y|th the chamber acid, meets the 
ascending burner gases and give! up its which is carried into 
the first chamber, reacting witht^Ogand HgO in the way previoui^ly 
mentioned. The vitriol flowin^own the G lover is thus denitrified, 
and at the same time concejitrated by the heat of the burner 
gases. A portion is cooled ii| leaden worms, and retiirned to thC 
Oay-Lussac to act as an absoibent of N.^Og, and tlie remainder is 
concentrated, or used without concentration, as may be required. 

It is usual on the Continent to substitute nitric acid which has 
been made by a separate plant (v.s.) for that evolved from the nitre 
pots used in English practice. Where a Glover tower is eniployed, 
nitric acid is passed down the tower, together with the chamber 
acid, and is there decomposed according to the equations given on 
p. 11. In the absence of a Glover tower, the nitric acid is run 
into the first chamber, but to avoid the corrosion of the lead it is 
received on a cascade of glass or stoneware, on which it is spread 
out in a thin layer, becoming entirely decomposed by the entering 
hurnbr gases before it arrives at the floor of the cliamber. The 
advantage of the use of nitric acid in place of nitre ])Ot8 is that 
the regulation of the quantity of oxides of nitrogen in the 
chambers can be more easily effected according to the exigencies 
of working. Another plan for making good the loss of nitrate 
consists in introducing sodium nitrate into the Glover, but in 
this case the vitriol produced is contaminated with sodium 
;$ulphate. 

The acid which collects on the floors of the chambers (chamber 
aoid) must be continually tested durii^ the working of the 
process, io ascertain its specific gravit^ Should this exceed 
1^25 (70*7f per cent. H2SO4), the lead is unduly attacked, and 
the acid retains considerable ^quantities of the oxides of nitrogen. 

^ * Compare footnote, p. 12, for the doubts cast on the exist&cl of ^ 

III the temperature of a vitriol chamber. 
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fjSamples forjihe test, are collected in leaden rain-gauges (see 
ifig 1) situated in difrerent parts, of eaAh chamber, and con- 
?iji^ted with tfie outside by a lead siphon pipe. Each of these 
:** drips” is provided with an hydroineter, whereby the specific 
gravity of the acid is detcnuined, and the amount of steam to 
be admitted ascertained. Usually 1 part by weight of ISulphur 
burnt requires parts of water as steam. The acid from the 
drips is generally stronger than that from tlio bottom of the 
chambers (“ bottom acid ”), chiefly because it is taken from the 
centre of the chamber, where the steam supply is smaller than at 
the sides. It is customary to connect the saucers of th(i various 
chambers by pipes, and to draw off the chamber acid through 
a lead box connected by a wide pipe with one of the chanibers, 
and provided with an exit pipe which can be opened or closed by 
a plug operated by a suitable handle. In order to control the 
production of SO., in the burners, and the consumption of sodium 
nitrate, the chambers are provideil with sights, through which 
their working can be judgetl by oiwerving the colour of the gases 
they contain. The gas in the la.st chamber should bo fully red 
from the presence of an ample exces.s of nitrogen oxides and of 
oxygen. The Gay-Lussac tower is also provitied with siglits, and 
as a further clieck the exit gases are systematically collected and 
analysed. According to the regulations of the Alkali Act, the 
exit gases must not have an acidity greater than tlmt corre- 
sponding with the presence of 4 grains of SO,) per cubic foot, 
but in good ])ractice the amount escaping is considerably below 
ihis limit, being about 1*5 grains per cubic foot. 

COWOENTRATIOiNr, — The chamber acid i.s strong enough 
for some purposes, but generally it must be concentrated. The 
passage of the chamber acid down the Glover tower concentrates 
it to a specific gravity of 1*72 (79 per cent. HoSO^), but usually 
contaminates it with iron salts (derived from the dust from the 
pyrites burners), so that its further concentration in retorts 
(f?,t.) cannot be economically effected on account of the separa- 
tion of such impurities. However, for alkali making by the 
Leblanc process, Glover acid is suitable. Where a Glover 
tower is not used, or in cases where it is desired to avoid 
the contamination referred to above, concentration to the same 
specific gravity is performed in lead pans, which are either heated 
by furnace gases passing over the surface of the liquid (in which 
case the acid is contaminated with flue dust, thus acquiring a 
brown colour to which the acid owes Its name, “ brown oil 
of vitjiol,” or by bottom heating, which produces 

a purer acid. Oindccount of the tendency of the lea(J, pans to 
buckle, by unequal expansion, it has been recently proposed 
Carulla to insert a sheet of copper between them and their iron 
Bb^ting, v^hS difference between the coeflSoient of expansion of lead , 
s^d copper being smaller than that between the coefficient of ex- ^ 
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strength when this is between 95 iinc^ 100 per Ant. On 
account of this, higlily concentrated sulpliuric acid bdiould be 
bought on analysis and not according to its sped lie gftivity. 

, 1L~TIIE CONTACT PROCESS. 

From the foregoing account of the chamber process, it will 
have Ijcen gathered that the oxidant used — the liiglier oxides 
of nitrogen — presemts certain disadvantages. It necessitates a 
large reaction chamber, is easily removed from the sphere of 
action, and cannot bo j)rofitably used unless a comparatively 
dilute acid is produced. The first and second of these dis- 
advantages, and in a measure the third also, are due to the 
gaseous character of the oxides. 

It has been known for nearly a century that certain hot 
solids, notably finely-divided platinum, will induce the direct 
combination of sulphur dioxide and oxygen to sulphur trioxide, 
without tliemselves suflering any appreciable chemical change as 
a result of the combination. It was realised that from the use of 
such a solid would accrue the advantage that sulphur trioxide 
could be produced as vapour and at once separated from the 
solid, which would perf-rm a function analogous to that of 
the oxides of nitrogen in the chamber process; and that, by 
dissolving the anhydride in water, an acid of any desired 
strength would be obtained. But so long as “chamber acid” 
sufliced for the majority of the })urposes for which sulphuric 
acid is used, the eflbrts to overcome the difficulties in the way 
of this “catalytic method,” or “contact process,” us it is now 
called, were intermittent and fruitless. Of late years, how- 
evei‘, the need for the strongest, and even for fuming, sulphuric 
acid has so much increased that the cost of concentration has 
become formidable, and to-day die contact process is conducted 
with considerable success. 

The failure of the earlier attempts to use this process was due 
chiefly to ignorance of the fact that the contact masses used as 
catalysing agents are extremely sensitive towards even minute 
quantities of certain impurities present in kiln gases, which 
actually seem to play the part of “ poisons ” in rendering the 
•contact masses'inert. The large amount of heat, 22*6 calories, 
generated during the course of the reaction 

S(X + 0 = SO 3 

, was also overlooked until recently, so tl]|it the temperakire 
attained in ^die contact chambers was far higher than is con- 
sistent with th*eir efficient working ; for the above equation is 
reversible in the presence of a, catalytic agent, and occurs as, 
expressed in the direction from left to right mainly at^tem- 
peratures between 200'" and 450* C. (392* and 842°, F.), while 
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the rev^'-’se changer occurs above 4o0° C. (842” F.), sulphur 
trioxide then becoming sulphur dioxide and oxygen. The tetu- 
perature at which the desired reaction proceeds most smoothly 
appears to lie between 300“ and 400° 0. (572° and 752“ F.). 

The sulphur dioxide used in the contact process is obtained 
in the same way as for the chamber process — i.e., almost always 
by roasting pyrites. The gases, when leaving the pyrites burner, 
must contain enough oxygen for their subsequent oxidation to 
sulphur trioxide; they usually average 9 to 11 per cent, of SO.,. 
As has been said above, the gases must be very carefully purified 
before entering the contact chamber, arsenic, and to a smaller 
extent antimony and mercury, being especially fatal to the 
activity of the contact mass. After leaving the roasting kiln, 
whilst still very hot, the gases are thoroughly mixed by blowing 
in a jet of steam. This serves two purposes ; the last traces of 
sulphur always present, which carry arsenic, are burnt to SO^, 
and the sulphuric acid obtained during the subsequent cooling 
of the gases, from the small amount of sulphur trioxide present 
in the kiln gases, is so diluted that it does not attack the con- 
densing apparatus. This last consists mainly of long pipes in 
which the gases are slowly cooled; the parts with which the 
condensed sulphuric acid conies in contact must not be made 
of iron lest one of the worst “contact poisons,” ars(uiiuretted 
hydrogen, be evolved by the hydrogen formed. Rapid cooling 
of the gases is inadmissible, for many of the impurities may thus 
escape condensation. After leaving the condensing apparatus, 
the gases are thoroughly washed with water or dilute sulphuric 
acid, either by being forced through wash-bottles containing the 
liquid, or else by mechanically agitating the liquid in pipes which 
the gases are made to traverse. 

The pure gases, consisting of sulphur dioxide, oxygen, and 
nitrogen, then reach the contact chamber. It was said above 
that the temperature inside this, if left to itself after the 
reaction was once started, would soon far exceed that required 
for economical working. Some system of cooling the chamber 
is therefore necessary, one of the two following methods being 
used : — According to the first system, the entering gases may 
be used to cool the chamber from the outsidtg entering it finally 
at the lowest temperature at which the reaction proceeds, as 
shown in Fig. 4. Here the cold gases enter the outer space, S, 
surrounding the pipes, T, containing the contact mass, from E, 
either by first passing through the chamber, G, in which their 
teikiperature may b^ adjusted, into the gas chambers, A, A, from 
which they ard evenly distributed to S, S, or by dirattly entering 
the pipe, J, through a valve, V, this pipe also leading to A, A, 

L and tq; central pipes, B, B, w|]ich traverse the whole outside 
spac^, and have small openings through which the gases emerge 
intotS. TJie space between the contact pipes is partly blocked 
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ky a number of partitions, 0, which force tlie gases tdtass close 
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The contact mass iVself generally consists of platinised asbesto'j 
or pumice, prepared by dipping the latter substances into solu- 
tions containing a platinum salt and some organic reducing 
agent, such as sugar, drying and igniting the mass at a red 
heat. Occasionally a contact substance is used which has been 
obtained by evaporating a solution containing an alkali sulphate 
or phosphate and a platinum salt to dryness and igniting the 
residue. It has the advantage that the platinum may easily 
be recovered from it after it has become inert, by simply 
dissolving out the alkali salt with water. Substances such as 
ferric oxide have also been proposed as contact substances, but 
their use has been attended with little success. 

After leaving the contact chamber the gases should consist 
only of sulpliur trioxide and sulphuric acid vapour, nitrogen, 
and a little oxygen. The sulphur trioxide is absorbed by 
sulphuric acid containing 97 to 98 per cent, of HoSO,^, acid 
of this strength being capable of removing SO., almost instan- 
taneously, even from a rapid current of gas, whilst water or 
weaker sulphuric acid are far less ellective absorbents. The 
absorbing apparatus is made of wrought iron, which is scarcely 
attacked provided the strength of the acid is not allowed to 
fall below 27 per cent, free iSOg. The final product of the 
process thus consists of fuming suljthuric acid ; by drying the 
gases with strong sulphuric acid before they enter the contact 
chamber, and condensing the exit gases by means of external 
cooling only, sulphuric anhydride (sulphur trioxide) may also 
be obtained. Very strong ordinary sulphuric acid may also be 
readily obtained by diluting the fuming acid with the calculated 
amount of water or weaker sulphuric acid, thus saving the costly 
concentration necessary when such acid is made from chamber 
acid. 

H. 2 SO 4 and SO 3 mix in all proportions, but also form a fairly 
definite solid compound, {i.e., H 2 SO 4 , SO,,), commercially 

known as solidified oil of vitriol. Nitre cake, NaHSO^, has 
been used as a raw material in making siiljihuric anhydride, 
as it gives up water when heated, forming the pyrosulphate 
NajS.jOy, which breaks up into Na 2 S 04 and SO 3 at a temperature 
of 000“ 0. (1,112° P.). Both SO 3 and fuming sulphuric acid 
find extended application in the manufacture of synthetic dyes, 
the dissolution of indigo as indigo sulphonic acids, and in the 
purification of ozokerite. 

Iir-^NOBDHAUSEN OR FUMING SULPHURIC ACID. 

' c 

The first form in which sulphuric acid was commercially 
,nianufa(^tured was as fuming sulphuric acid at Nordhausen in 
Saxony, and the manufacture has continued but little changed 
I to ther present day. Ordinary vitriol is still called in Germany 
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^Bnglish sulphuric acid, in contradistinction to fuming 
acid or “oleum.” The modern production of fuming sulpliuric 
acid has been noticed under the “contact process.” The Nord- 
hausen method depends on tlie fact tliat the sulphates of all 
but the strongest bases — e.g.^ the alkalies and alkaline earths 
—are (iecomposed by heat, man}'' of them yielding sulphuric 
anhydride (SO3) as the main product of the decomposition. 
The sulphates actually employed are, as yet, only those of 
iron and aluminium, which are dissociated at a moderate tem- 
perature. The simplest typical case of the decomposition of a 
sulphate by heat, with the production of SO3, is that afforded 
by ferric sulphate, thus — 

Fc,(SOd;, = Fc,()., + ItSO.,. 

In practice, however, ferrous sulphate is the raw material of the 
manufacture. The salt is dried to expel its water of crystal- 
lisation, during which process it becomes partially oxidised by 
air, with the formation of basic ferric sulphate. The basic I'erric 
sulphate splits up according to the eejuation given above, save 
that the F(‘.,03 bears a largiT proportion to tlie SO3, and the 
Fe804 decomposes in the following manner : — 

2FeSO; = Fc,()., + m. SO.3. 

Formerly, when dehydration was not carried out, both sulphuric 
acid and SO3 were distilled over, the pi'oduct being common 
Kordhausen acid. Nowadays tlu‘ raw material is obtained by 
weatln'i'ing “ vitriol shales,” such as arc found in Bohemia, 
d’hey already contain some sulphates, together witli about 15 
per cent, of pyrites, with 2 to 3 per cent, of alumina, most of the 
remiainder consisting of silica. When this mineral is exjeosed 
to the air, the iron, pyrites oxidises to ferrous sulphate and 
sulphuric acid, which latter combines with the alumina and 
other base's ; the ferrous sulphate further oxidises to basic 
ferric sulphate. The* weathered mineral is lixiviated, and the 
liquor is concentrated to a syrup, which solidifies on cooling 
to a yellovvisli-green mass, wliich is finally calcined and known 
as “vitriol stone.” Jn whatever way the sulphates of iron or 
aluminium are obtained, they are heated in small clay retorts 
to reel ness, the distillate being received in long stoneware llasks 
containing <1 small quantity of water or a weaker fuming acid 
from a previous operation. By redistilling the distillate at a 
low temperature, the sulphuric anhydride passes over first, and 
by condensing the vapour in already fuming acid, or by itself, a 
Nordhausen acid of any desired strength can be obtained. The 
best conynercial product contains 98 pei^cent^of free SO3T 
• The residue in the retort (caput mortuum) constitutes the 
colcothar or rouge of commerce (see Pigments, Vol. II., Chap. 
XV.). Its content of Fe20g*depends on the nature t)^the 
• material. 
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CHAPTER II. 

MANUFACTURE OF ALKALI AND ITS 
BYF-PRODUCTS. 

L LEBLANC PROCESS. 

RAW MATERIALS. — The raw materials used in the manu- 
facture of soda by the Leblanc process, which dates from 1791, 
are salt, vitriol, calcium carbonate, and small coal, the process 
consisting essentially in converting salt into sodium sulphate and 
heating this with limestone and small coal, whereby it is converted 
into sodium carbonate. 

Salt. — This substance occurs as a minei’al in beds of rock salt 
in widely-scattered districts, and in solution as brine in sea-water 
and salt springs. The most important deposits of rock siilt in 
England are those in Cheshire and Worcester, though recently 
considerable quantities have been found at Middlesborough in 
Durham. In Cheshire and in Ireland (Oarrickfergus) the rotsk 
salt is mined. The rock salt is dark red to bright yellow in 
colour (owing to the presence of the ferruginous marl associated 
with it). The purest specimens are colourless, and approximate in 
CQmposition to pure sodium chloride — a characteristic Oheshii-e 
sample containing 98*3 per cent. NaCi together with 0*05 per cent. 
MgCL and I *C5 per cent. CaSO^. 

The presence of calcium sulphate is usually explained by the 
supposition that the salt is the product of the evaporation of 
inland seas, from which calcium sulphate and sodium chloride, as 
respectively the most insoluble and the most abundant salt 
present in sea water, would be thrown down, the mother liquor 
containing more soluble and less abundant salts (see Slassjurt 
salts, Vol. II., Chap. XVIIL). Where natural waters have 
accumulated in strata adjoining those of rock salt, a boring made 
through the superincumbent strata will bring the water in contact 
with the salt and produce a saturated solution, which caTi be 
pumped up and evaporated. Where no water is naturally present, 
the wells may be artificially supplied therewith, and the brine 
pumped as mentioned above. Water is naturally available for the 
Cheshire deposits, while it is artificially supplied in the Middles- 
borough district. *The method of pumping brine (alth6ugh thL 
necessitates subsequent evaporation) is cheaper than mining solid 
wher<- the depth of the salt bed is great. The composition 
of the brine may be gathered from the following analyses 
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Cheshire. Worcesler. 

NaCl, . 25 ' 22‘2 per cent., ^'452 per ceuV 

CaS04, . . 0391 „ 0-387 

Na2S04, . . 0-140 ,, 0-390 

MgCOg, 0-107 „ 0-034 

The (tegree of coricentmtiou of these brines may be gatliered 
from the fact that a satumted solution of salt in water contains 
26-5 per cent, of NaCl. The brine, liowever obtained, is evaporated 
in salt-pans made of boiler-plate and set over the lines of a sta-ies 
of furnaces which vary somewhat in size, according to the quality 
of salt to be produced. For the manufacture of fine-grained or 
lump salt, the pans are from 25 to 35 feet long, 20 to 24 feet wide, 
and 15 to 18 inches deep. The brine is boiled, the temperature 
reaching 107-5“ 0. = 225° F. The salt which separates is raked to 
the sides of the pan, and is lifted out from time to time On perforated 
skimmers. The cry.stals are thrown into wooden boxes, where 
they agglomerate on account of the crystal li.sation of the brine 
adhering to them. The blocks in which .salt is commonly sold as 
table salt are obtained in this wary. They receive a final sto\'ing 
before they are .sent into the market. Common salt is a coarser 
grade used for manufacturing purposes, and is made at a lower 
temperature (in somewhat larger ])an.s), so that the crystals are 
larg(!r and more impure. The temperature of evaporation varies 
from 60° to 80° C. = 140° to 170° F. 

^Jdie crystals are treated as in the prec<^ding case, but are merely 
drained on the shelves (hurdles) surrounding the pans. “ Fishing 
salt ” is made at a still lower tem))erature, and in still larger pans. 
The temperature is from 35° to 60° C. = 95° to 140® F., and the 
drawing of the salt takes place at less frequent intervals. “Bay 
salt” is made in the largest pans, sometimes over 130 feet long by 
28 feet broad, and at a temperature of 35° to 50° C. = 95° to 122® F. 
The grain of the salt depends not only on the temperature of 
evaporation, and on the time allowed for crystallisation, but also 
on the influence of impurities in the mother liquor. So marked 
is this influence that it is customary to add some colloid substance 
— gelatine or glue — to the pan when the smallest crystals are 
required, the process being known as “poisoning the pan.” 
“Hopper salt” is an accumulation of crystals resembling a four- 
sided hopper^ and is produced by the addition of a little alum 
to the pan. The calcium sulphate aud magnesium carbonate, in 
the brine, deposit in the salt pans, causing a scale which has to 
be occasionally picked out and frequently causes the pan to leak 
by overheating. Thus it nearly always happens that brine from 
one or otlmr of the pans finds its way into ^e fiire beneath, Where 
tlife sulphurous gases from the coal cause an evolution of HCl. 
This frequently becomes a nuisance, and the chimney gases are, 
therefore, under the supervision of the Inspectoi-s under Sift Alkaii**^^ 
Act. Brine is alsp concentrated on the Continent by being allowed , 
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to trickle owr stacks of^rushwood (“graduation towers”) whereby ^ 
water is eva])orated by i^ind and sun, and fuel is saved; the evajiora- 
tion of the sjii^airated brine is completed in salt-pans as described 
above. 

Sea-water is used as a source of salt, both in hot and cold 
countries, where its evaporation may be effected without* the use 
of fuel, the expense of which is too great to allow its employment 
to be remunerative on account of the large quantity of water to b(; 
evaporated. The following is the percentage com])osition of 


ordinary se.M-water : — 

Per 

NaCI, 

KC!, . • 0 07 

Mg('L, O-'M 

MgBr.,, 0-0 1 

.MgSO^, 0-20 

(:aSo^, o-i:i 

The “salts gardens” on the shores of the Mediterranean consist 
of shallow pits into which sea-water is allowed to flow after it has 
been clarified by subsidence in a deep tank. The heat of the siiu 


evapoiates the water, and the crystals are raked out at intervals. 
The mother liquor (“bittern”) contains magnesium salts, and is 
woi'ked up for bromine and sometimes also for Glauber’s salt 
(NaolSO^jlOHoO) (see Minor Chemical Industries, Vol. II., Chap. 
XV I II.) and occasionally for potassium chloride, though the latter 
industry has been nearly superseded by the production of potash 
salts at Stassfurt. In cold climates (as in liussia) advantage is> 
taken of the fact that when a saline solution is exposed to a tem- 
perature below 0° C. — 32“ F., nearly pure ice scpai’aies first. 
(Sea-water is allowed to freeze in shallow pits, the ice is fished out 
and the freezing i-epeated ; a mother liquor is ultimately obtained 
which will j)ay for evaporation. 

In many countries .salt for eating is taxed, but allowed free for 
industrial purpose.s, provided it be denatured so as to be unfit for 
human consumption. Thus in Germany, cattle salt is denatured 
with I j)er cent, of ferric oxide or per cent, of wormwood ; salt 
for manure with ^ to 1 per cent, of soot or 2 percent, of powdered 
lignite ; salt for soda manufacture with sodium carbonate, sodium 
sulphate, sulphuric acid or ammonia; appropriate admixtures are 
used for other industries, the object in all cases being to render 
the salt not edible, while still fit for its particular industrial use. 

Vitriol, the next raw material used in the manufacture of soda, 
has been dealt with already. 

Calcium carbonate is used both as chalk and limestone, and 
any oflier availabU forfn — e.r/,, recovered alkali waste (%i). The 
limestone and chalk .should be as free from silica as ^mssible, aifd* 
not dolomitic, the material containing the former impurity causing 
•^ifiste oft ^da as silicate, while dolohiitic limestone contains mag- 
,nesia, which is too feeble a base to do the work required of it! 
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The calcium carbonate must be dried and^crushed to^ragments the 
size of a pea. * 

Small Coal. — Tlie small coal, or “ slack,” used tiioiild be as free 
as possible from ash, which causes waste of soda by the silica it 
contains. Lump coal would be better, as containing a smaller 
propoftion of asli, but it is too costly. Washed slack is poorer 
in ash, but often as much as per cent, is commoidy present; 
8 per cent, of ash is still considered good by the alkali maker, 
'^rhe nitrogen in the coal causes waste of soda by the ju’odnction 
of sodium cyanide. Wood charcoal — the best form of carbon for 
the process — is too deal* for u.se now. 

MANUFACTURE OP SALT-CAKE.— The reaction in- 
volved in the manufacture of salt-cake, by the ordinary method is 
represented by the equation — 

2 NaCI -f- .H2SO4 = Na2804 + 2 HC 1 . 

The ap])aratus in which the reaction i.s can*ied out is called the 
salt-cak(', furnace, and may have one of two form.s. In either case 



t). - .Salt-cake furnace. 

A, Pan; G, cover; ]>, pan Hue; I), niutlle; E, munic flue; C, furnace; 

1 1 , fl ues ; P, dam [)er. 

the first part of the decomposition, resulting in the formation of 
NaliSO^ as well as takes place in a circular or elliptical 

cast-iron pan, A (Fig. (J), varying in size from about 9 feet in 
diameter tind 18 inche.s deep to 6 feet by 4 feet by 12 inches (in 
the case of one of elliptical shape). • An arched cover, G, usually 
of acid-proof fireclay, suffices to collect the hydrochloric acid 
from the pan ; tlie acid gas escapes by the fireclay flue, B. In 
order to complete the expulsion of hydrochloric acid, J;he con- 
tents ofi the pan is shifted into a fireclay mu#le, D, also provided 
with an eVit flue, E, both pan and muflBie being heated by the 
furnace, C, and the flues, H. To avoid any escape of^as from the 
muffle into the furnace flue,*a higher pressure is mainmitied iifH^ 
latter than that which prevails in the muffle, so that the leakage, 
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if any, is in^the other tjjrection. In this country the muffle 
frequently dispensed with, in which case the direct flame of the 
fire is allowed lb play over tin; salt-cake spread on the hearth of a 
kind of reverberatory furnace, tlie Iiydrochloric acid (^scaping to- 
gether with the furnac<; gases. Under these conditions tlie,pan is 
heated by a separate fui-nace. I’he cliarge is about 6 to 16 cwts., 
the smaller quantity b<!ing used for furnaces without muffles (open 
roasters), which can be worked off in about one hour, and the 
larger for muffle furnaces (close or blind roasters), in which 
the time for each batch is about two hours. The acid used is 
generally of the strength of that coming from , the Grlover tcover, 
having a specific gravity of 1-72 {79 per cent. H^SO^). The weight 
required of acid of this strength is rather more than that of the 
salt charged. The action is at first violent, and as it slackens is 
aided by stirring; when the mass becomes pasty, the damper, F, 
is raised and the charge pushed over by a “shoving-rake” into the 
roaster, where its decomposition is completed at a bright red heat. 
Tlie yield is 116 to 120 parts of salt-cake for 100 parts of salt 
charged. 

Various mechanical furnaces foi- preparing salt-cake have been 
devised, but that originated by Mactear aione appears to be in 
use. It consists essentially of a circular firebrick hearth which 
rotates beneath a furnace dome that carries the exit flues. In 
the centre of the dome there is a hopper, through which salt and 
acid are fed into a central pot, which serves as the pan, the rest 
of the bed of the furnace acting as the roaster. The process is 
continuous, and the contents of the pot overflows on to the rotat- 
ing bed, where the cliarge is gradually worked towards the cir- 
cumference by fixed rakes, and, being heated by the flame of the 
furnace, is completely decomposed by the time it has reached the 
circumference, where it drops into an annular delivery trough, 
the salt-cake therein serving as a lute to the edge of the rotating 
bed. In this case the whole of the HCl is mixed with all the 
furnace gas. 

Instead of using sulphuric acid to decompose salt, potential 
sulphuric acid — i.e., SO.^, 0 and H^O — can be employed, as in the 
Hargreaves and Robinson process. The reaction that occurs is — 

2NaGl + SO 2 + 0 + H 2 O = NasSOn -i- 2HC1. . 

In order that the reaction may be complete, the salt must be in a 
sufficiently porous state to allow the gases to penetrate it thoroughly, 
an object which is attained by moistening it, moulding it into 
cake.s, ard drying it. TJiese cakes are charged into vertical cast- 
iron cylinders holding about 40 tons each, heated by external, ^ 
vertical flues. Gases from a pyrites burner are mixed with super* 
{^^uted steari^, and caused to traverse thp cylinders seriatim^ entering 
at 'iJlie toph,nd passing out at the bottom. The passage of the gases 
is ^sys temp tic — t'e., the fresh gas always meets nearly converted 
salt, and exhausted ggs passes away through fresh salt. The tern- 
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perature at which the reaction obtains is about hOO^^C. 932° F., 
ami is partly maintained by the heat ev(flved in the course ot the 
reaction, which is exothermic. The movement of ^he gas is pro- 
duced by a Foots blower placed at the end of the cylinders, and 
likewise serving to pass the HCl on to the condensers. 

Goo^ commercial salt-cake will contain n(>t le.ss than 97 to 98 
per cent, of NaoSO^. About two-thirds of the salt-cake made is 
used for the production of soda, for which purpose it should be as 
free as possible from chlorides. A lai'ge proportion of the remainder 
i.s emjiloyed in glass making, for which it is required free from iron, 
an object attained by dissolving it in water, making the solution 
alkaline with lime, wlua’eby ferric hydroxide is precipitated, and 
recrystallising. As sodium sulphate normally crystallises aa 
Na.,8O^,10H.,(), the cost of freight is considerable, and it is, there- 
for<‘, s(»motirnes prepared a.s the anhydroiis salt, the Ibrmation of 
which can be induced by adding various .substance.s — e.y., a crystal 
of it.self— to a solution'of the salt at a tempcratun^ above 

40“ 0.“- 104° F. 

Hydrochloric Acid. -In whatever way the conversion of 
sodium ehloi‘id(? into sulphate may hav(^ been olfected, the gas HOI 
has to be condensed by absorption in water, save in the rare cases 
where it is used as such (Deacon’s process, q.v.). This is the more 
imjjortant iruismuch as it is illegal to allow more than 0*2 grain 
of HCl per cubic foot of chimney gases to escape into the air. 
The gases from the pan are usually collected separately from those 
evolved in tin; roaster, being purer, and in cases where o{)en 
roasters arc used, more concentrated. In all cases the gases from 
the furnace are cooled by pa.ssing through a length of earthenware 
pipes or sandstone Hues, or even through iron pipes, jirovided the 
temjjerature of tln^se be not allowed to fall to the condensation 
point. An alternative plan of cooling consists in injecting a 
spray of water into stone tanks throiigh which the gases pas.s, or 
tlie gases arc led up a .small tower fed with a limited amount of 
water, which sullices to cool the gas and condense sulphuric acid 
and stop flue dust (botli tin; latter inq)urities being derived from 
tlie roaster). The gas is then passed through a serie.s of stone 
tanks or, on the Continent, “bombonnc.s” (Woulfe’s bottles) half 
filhal with water, and exposing .suflicient surface to the air to allow 
the HCl to be absorbed by the water. They are provided with 
side pipe.s, and are connected together so that a stream of HCl 
proceeds in one direction and is met by a flow of water in the 
opposite direction. The strongest acid is obtained in these con- 
densers, but all the gas is not absorbed, so that it mu.st liruilly be 
passed yirougli a coke tower supjdied v'^th \^iter. The tower is 
4milt of acid-proof bricks and varies from 40 to 100 feet in height. 
The yield of acid is about 130 to 148 parts of aqueous acid of 
1*17 to 1T8 specific gravity*(containing 34 to 36 per Cvmt. HOr) 
per 100 parts of salt-cake made. 
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By far theAa-eater por|.ion of this acid (muriatic acid) is used 
for making cnjorim* (V ol/IL, p. 35), the remainder being employed 
in many mino*, industries. (3riide muriatic acid contains as im- 
purities ferric cldoride and organic matter (which give it a yellow 
colour), arsenic and sulphuric acid, Ai’senic is derived from the 
vitriol made from pyrites, which is commonly used. Mostfof the 
impurities in hydrocliloric acid can be removed by distillation, 
except arsenic, which comes over with the first fraction as AsC)^; 
the later portions may, however, be obtained free from this im- 
purity. An alternative plan, for removing the arsenic consists in 
precipitating it as As^S^, by means of allowing the ju-ecipitate 
to settle, and distilling the acid. A strong acid, free from all 
impurities except arsenic, is obtained by allowing the crude 
acid to (low gradually into a bath of dilute sulphuric acid, kej)t 
at a constant temperature a little above the boiling point of the 
hydrochloric acid, which distils ofi’ in a steady stream. 

MANUFACTURE OP BLACK ASH.— This is tlie next 
step in the process of making sodium carbonate by the Leblanc 
method. It is effected by heating a mixture of sodium sulphate 
(salt-cake) with calcium carbonate and small coal. The reaction 
may be assumed to take place in two stages — 

(1) Na.,.S()4 -I- ‘JC = NaoS -i- ‘’CO,. 

(‘2) NuoS + (,!a(J(.).j ~ NaolX.).; + CaS. 

The resulting black ash is thus essentially a mixture of sodium 
carbonate and calcium sulphide. The sulphate should contain 
not more than per cent, of NaOl nor more than 1 -5 per cent, of 
free acid, calculated as SO^. The proportions adopted in practice 
are — 100 parts of salt-cake, 100 of limestone or dry chalk, of tlie 
size of a pea, and 40 to 60 parts of coal. The proportion of 
calcium carbonate and coal is greater than is indicated by tlie 
above equations, because, inasmuch as black ash is only clink(>r(‘d 
and not fused, an excess of these reagents must be present to 
ensure each particle of salt-cake coming into contact with tlnun. 
The excess is also useful as promoting the porosity of the black 
ash and favouring lixiviation, and, further, by g('neratiiig CO in 
the interior of the mass when this is plastic at the last stage 
of the process, thus— CaC 03 + ^ = OaO -f 2CO. The CO 
renders the black asli porous like dough, and the subsequent 
hydration of the lime, simultaneously produced, disintegrates 
the masses of black ash during lixiviation. Tlie operation is con- 
ducted in a species of reverberatory furnkce, closely resembling 
the rot^ster of the salt-cake furnace, but with a hearth in place 
of the muffle. Th^: half of the lieartli nearer the grate is about 
3 inches lower than that near the flue ,• tlie charge is 'introduced' 
^ough a hopper on to the upper or back half, where it is dried 
aftfi subjicted to a preliminary healing, after which it is raked 
ever to the lower part of the hearth, which has a temperature 
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tof from 700" to 1,000“ 0. = 1,292“ to 1,832® F. Hereithe charge 
is heated until tlie sodium sulphide, whiefc at first forms (r-s.), is 
fused, and the mass becomes a thick paste, which is th§n thoroughly 
• mixed by means of a rake and gradually drawn towards the door 
of the furnace, situated at the side of the lower hearth. There 
is a copious evolution of CO^, and the mass becomes more pasty; 
the reaction evolving CO (v.s.) now sets in, this stage being recog- 
nised by the bursting of small jets of burning CO from the charge. 
Tjje mass is then raked into a “ball” and withdrawn into an iron 
truck, where its quality can be judged by the continued evolution 
of CO and the expansion of tlie ball. It is usual to utilise the 
waste he;it from the black-ash furnace to concentrate the liquor 
ol)tained by lixiviating the black ash ; for this [lurpose a boiler 
pan is placed in a prolongation of the flue, so that the hot 
products of combustion pass over the surface of the liquor. 



A, Cylinder; B, B, rings; C, furnace; D, tiue. 


Mechanical furnaces for the j>roduction of black ash are known 
as revolvers. Inasmuch as the chief function of the workman 
in making black ash consists in turning and mixing the charge, 
it is obvious that if this mixing be dfected mechanically, larger 
charges can be liandled in a given tinie, and better intermixture 
can be secured. An ordinary revolving black-ash furnace 
consists of a cylinder, A (Fig. 7), made of boiler plate and lined 
witli lirebrick, resting on rollers on which work rings, B, B, 
concentyc with tho cylinder. 'Ihe central yart of each’ end of 
the cylinder is open, and is so placed that the hot gases from the 
furnace, C, can pass tlirough it, supplying the heat necessary to 
convert tlie charge, and escaping by the flue, D, in which boil in?," ’ ) 
*down pans may be set. Usually, ordinary large furnace grates, 
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are used ^ the sourpe of heat, but a producer would probabl 
be better. The charge is introduced and removed through : 
manhole in |he side of the cylinder. The revolver is driven b; 
suitable gearing so that it can be rotated slowly at the beginning 
of the process (1 revolution in four minutes) and afterwards a 
a quicker rate (5 revolutions per minute). The charge is miicl 
larger than with the roaster furnaces, and need not be mixec 
before it is introduced, mixture being effected by the rotatioi 
of the cylinder, aided by the agitation produced by two fixe( 
projections on the lining, called “breakers.” The calcium car 
bonate and two-thirds of the coal are first put in and the cylinde 
revolved until some caustic lime has been formed ; the salt-eak' 
and the remaining coal are then added, and the revolutioi 
continued at a higher speed until the operation is completi; 
Tlie object of this preliminary “liming” is to ensure the presenc 
of enough caustic lime in the black ash to allow of its eas; 
lixiviation. 

Properly made black ash has a blackish-brown surface with i 
grey porous fracture ; its composition may be gathered from th' 
following analysis (/iold ) : — 


Sodium carbonate, 

. . . . 44 ’79 per cent. 

,, silicate, . 

, . , . 1 '52 , , 

,, alumiiiate, 

. . « . 1’44 ,, 

,, sulphate, . 

0'92 

,, chloride, . 

.... 1 8o , , 

Calcium oxide. 

9'f)8 

,, sulphide, . 

. 29-9G 

,, carbonate, 

. . . . 5'92 ,, 

Ferric oxide. 

. . . . r2i ,, 

Coal, 

1’20 


98 49 

Traces of cyanide, ferrocyanide, soda in an insoluble form, am 
NeoS are also generally present. 

Black ash absorbs moisture and 00., from the air, the liin 
being thus slaked, causing the disintegration of the mass ; loii:^ 
exposure is undesirable, lest a reverse reaction between the CaS 
and Na 2 C 03 occur, involving waste. 

Lixiviation of Black Ash. — Well-made black- ash is suffi- 
ciently porous to bo easily.extracted even when in comparatively 
large pieces, but if ill-made, and therefore dense, it must be 
crushed to a coarse })owder before lixiviation. The method of 
extraction consists in exposing the fragments in tanks, provided 
with false bottoxis, ti systematic treatment with watgr, in such 
a way that fresh water comes in contact with nearly exhaustfed 
ash and .‘j.trong liquors with fresh ash. Contact of the ash with 
^ir is avoided as much as possible , *118 a rapid oxidation of calcium 
# sulphide, and consequent loss of soda by double decomposition 
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the calcium sulphate thus formed with (jhe sodium t^arbonate, 
occurs. Inasmuch as the black ash is anll^rdrous, and contains a 
considerable quantity of caustic lime, it causes a^ise of tem- 
perature when first brought into contact with water; thus the 
temperature of the strong liquor may be 60“ 0. — 110“ F., while 
that of weak liquor should not exceed 37“ C. ~ 99“ F., as 
otherwise the reverse reaction between CaS and Na^CO^ tends 
to take place; for the same rea.son the liquor must not be allowed 
to become stronger than is indicated by a specific gravity of 1 '28. 
Besides being inevitably associated with loss of soda, Na.iS, tho 
product of tlie reverse reaction, is objectionable on account of its 
solvent action on FeB (derived from the iron of the tank), which 
colours tlie liquor green. The calcium sulphide and other in- 
sol ubh^ substances left in the tank are periodically removed, and 
constitute tank waste (q.v.). The constitution of the tank 
liquor obtained in this way is given below: — 


i\a.(X);. -(- NhOH, 

. , 23 '60 per cent. 

NaCl 

0'50 

N(1.2S, 

0-1.3 

NaoS.,0;j, .... 

0'30 

Na^SOi, .... 

0-23 


24 -TO 


Binall quantities of sodium sulphite, cyanide, furrocyanide, thio- 
cvanate and silicate, and ferrous sulphide are also present. As 
much as 20 per cent, of the alkali will generally bo in the form 
of caustic soda, which results from the action on the sodium 
carbonate of the surplus lime, us(al in the black ash process for 
indirectly imparting porosity as described above. The tank 
li([U(ir is allowed to settle, and when clear is submitted to the 
action of CO.^ (in order to carbonate the caustic soda) by being 
run down a tower tilled with broken stoneware, or, preferably, 
containing chains or wire rope, down which the liquor trickles; 
lime kiln gases are passed up tho tower. During the carbonation, 
sodium sulphide, as well as the hydrate, is converted into car- 
bonate, and ferrous sulphide is thrown out of solution ; at the 
same time sodium silicate and aluminate are decomposed, the 
acid radicles J)eing precipitated and the quantity of useful soda, 
iS'a.iCOg, mcreased. Sodium ferrocy^iiide is an objectionable 
impurity in tank liquor, inasmuch as it appears in the calcined 
soda ash as FcoOg and impairs its colour. It can be removed by 
luaiting the tank liquor to 180'’ C. = 356“ F. under pressure, when 
it H'acts with another impurity, sodium ^hios^ilphate, to %rm 
sodium tlflocyanate and sulphite, the iron being separated us 
ferrous oxide ; it may also be removed by precipitation with a 
zinc salt as zinc ferrocyanide. • 

3 
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Evapo^iation of ^^ank Liquor for Soda Ash (Anhydrous 

N'a.jC03 ). — clean settled tank liquor, carbonated and freeU 
IVoiii ferrocyanide, is evaporated, at near its boiling point, lor the 
production of black salt, impure Na^CO^.HgO. The evaporation 
may bo performed, as already mentioned, by the waste heat of 
■ the black-asli furnaces, but the product is then contaminated by 
flue dust and SO., from the fuel. Pans heated from the bottom, 
and rneclianical evapoi'ators, such as Th^len's, in which tlie salt 
is meclianically scraped out as fast as formed, are also used. The 
l)lack salt is drained from the mother liquor (red liquor), which 
is boiled down sepai'ately for a less pure alkali, or is converted 
into caustic soda (v.i). Evaporation by multiple effect -under 
dirainislied pressure (see Suga7\ Vol. II., Chap. VIII.) has not 
proved successful. 

Finishing the Soda Ash.— To drive off the molecule of HgO 
in the black salt, calcination at a red heat in an ordinary rever- 
beratory furnace is necessary. When carbonation of the tank 
liquor has been omitted, the black salt is mixed with sawdust 
before calcination, in order that the combustion of this may 
supply CO2 for the conversion of NaOH and Na^S into Na.XJC^ ; 
the product is, at best, less pure than that from carbonated tank 
liquor. Various mechanical carbonating furnaces have been 
devised, the chief advantage of which lies rather in the saving 
of labour than of fuel. 

The best commercial soda ash is white, and contains not more 
than a trace of caustic soda and 98 to 99 per cent, of Na^OOg. 
That carbonated with sawdust still contains at least 2 per cent, 
of caustic soda, and has to be refined by dissolution in water, 
removing Fe^Og by settlement and re-evaporation in pans heated 
by coke fires, followed by calcination. The product is known 
as refined alkali. For purposes, such as soap making, where 
caustic soda is prepared from soda ash, a grade known as “caustic 
ash,” containing as much as 20 jier cent, of caustic soda, is used. 
Soda crystals, Na2COg,10H2O (washing soda), thougli containing 
only .37 per cent, of Ka.,003, is preferred for scouring wool and 
for domestic use, largely because of its freedom from caustic soda. 
It is usually prepared by recrystallising the solution of soda ash, 
whicli should be freed from sulphide and should contain not 
mort; than 2 per cent, of caustic soda. The solution for crystal- 
lisation is made with water above 34° 0. = 93'^ F. (the tem- 
perature at which Na2CO3,10H2O is most soluble), and is 
saturated ; it is allow'cd to cool in ^hallow crystallising pans. 
The formation of good crystals is said to be promoted by the 
pres*ence of 1 pq’' ceirt. of sodium sulphate. The mother liquors 
are boiled down and calcined. ^ < 

Crystal carbonate, Na2C03.H20 (83 per cent, of Na2C03), is 
a prop-rietary name given to the product obtained by crystallising 
from a boiling saturated solution of carbonated and thoroughly 
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f)urij5ed tank liquor. It is applicable tojblie same j^rposes as 
those for which soda crystals are used, ai!d costs less for trans- 
port per unit of Na^COj^. • 

Bicarbonate of Soda, NallCOj^. — This is prepared by car- 
bonating the normal carbonate with any concentrated form of 
<J02. Vflcaiiic gases and COo from fermentation are used, otlier- 
wise CO2 evolved by the action of HCl on limestone is emploj ed. 
Soda crystals, as such, are generally used as the raw jnaterial, 
tliough a saturated solution of soda ash may be substituted, 
(bicarbonate is now chiefly made by the ammonia-soda process 
— q.v. Vol. II., p. 48.) In the former case the crystals, placed 
on a drainer, are exposed to the action of the gas for six to nine 
days; much water comes away, in accordance with the equation — 

NasCOa.lOilsO + COjj = 2 NaHC 03 + OlisO. 

I'his forms a liquor which is boihid down and yields an impure 
weak soda ash. In the second case the bicarbonate separates 
from the solution. Drying at a temperature not exceeiling 
45” 0. = 113“ D. is necessary to avoi<l loss of CO.,. Sodium 
sesquicarbonate, Na2CO3.NaHCOjj.2H.2O, is also pre])ared from 
mixed solutions of sodium carbonate and bicarbonate, crystallised 
not below 35^ 0. — 05° ; it is used for wool washing. Sodium 

bicarbonate is a milder alkali than the normal carbonate, and on 
this account is us(*d when the action of the latter is too drastic. 

Caustic Soda. — The. reaction involved in the production of 
caustic soda (NaOH) from sodium carbonate is expressed by the 
equation— 

NajCOa + Ca{OH)2 = CaCOs + 2NaOH. 

In practice, caustic soda is prepared by causticising purifled tank 
liquor; this must be well settled, and have a specific gravity of 
I'OS to 1*10. The purilication of the tank liquor by ex})osure to 
CO2 is omitted in the case of that which is to be causticised, 
inasmuch as a portion of the soda is already present as caustic 
soda, and the carbonation of this would involve waste of lime in 
.subsequently decarbonating. Tlie tank liquor must, however, 
he freed from sulphide; this is eflected either by blowing iii air, 
the oxidising action of which may be enhanced by the addition 
of Weldon mud (v.i.), or by precipitating the sulphide as ZnS or 
PbS, which process is preferable for high-grade (77 per cent.) 
caustic. The strength of the liquor to*be causticised is limited 
to that corresponding with a specilic gravity of ITO, because 
stronger liquors prevent the completion of tlie reaction, inasmuch 
as strong caustic .soda is capable of removiiig CO., from Ca^Og, 
the above ^equation becoming reversed. Tn ofder further to 
pretent this b*ick action, the proportion of lime employed is in 
exce.ss of that indicated by the equation, advantage beij^g thus 
taken of tlie principle of mass abtion. 

tThe process consists in placing slaked lime (11 cwts. to 1 ton 
of caustic lime per 10 tons of tank liquor) in an iron cage and 
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immersing;® it in the^ boiling tank liquor, purified, and of thfif 
concentration indicated above. The liquor is kept agitated by 
steam injection or by paddles. When the liquor is completely 
causticised the clear solution is drawn ofi’. It has approximately 
the following composition; — 


KaOll, . 

. . . . 10 ■2.3 pur cunt. 

NaoCOs, 

;}-2i) 

NaCl, . 

0'14 


0*29 

Na2S()4, 

0-2.3 


The calcium carbonate sludge, left at th(3 bottom of the causti- 
cising pan, is filtered and washed, and the washings used for 
diluting the tank liquor for the next causticisation. The washed 
lime mud will serve, instead of frosh calcium carbonate, for 
preparing a further quantity of l>lack ash. 

Red liquor, the mother liquor from black salts (v.s.) was origin- 
ally largely used for the production of caustic soda as already 
containing much caustic. The product is less pure than that 
from tank liquor. It sulhced to boil down this red liquor, when 
the sodium carbonate and other salts contained in it separated 
and l(;ft an impure concentrated caustic liquor. 

The production of solid caustic soda from the causticised liquor 
takes place in two stages. The liquor is boiled down in pans to 
specific gravity 1*4 and the sodium carbonate and other salts are 
fished out; the liquor is settled and the evaporation completed 
in caustic pots. The salts separated during concentration are 
worked up with a fresh batch of black ash. Towards the end of 
the concentration in caustic pots, any residual sulphide is oxidised 
by the addition of about 1 per cent, of sodium nitrate. This 
converts the sulphide into sulphate, and is at the same time 
reduced to nitrite, which remains in the caustic. The material 
in the pot is allowed to settle, and ladled out into drums, in 
which it solidifies. Various grades of caustic soda are made, 
known commercially as “ 60 per cent.,” “ 70 per cent.,” “77 per 
cent.” (Na^O) {v.i.) and “caustic bottoms.” These contain 
resi)ectively about 80 per cent., 90 per cent., 9G per cent., and 
59 per cent, of NaOH, the remaining salts present being chiefly 
sodium chloride and sodium sulphate, save in the case of 
bottoms, when as much as 20 per cent, of insoluble matter may 
be present. Caustic soda is largely used by soap and paper 
makers, and in the purification of ])etroleum and tar oils ; there 
are tvarious minor a^lications of this alkali. 

Commercial* standards for Trading in Alkali.— The only 
rational way of stating the strength of soda ash and caustic h in 
terms If the percentage of Na^COg and NaOH, respectively. 
This foethod is not generally adopted. 

The Gerjnan plan for both substances consists in reckoning 
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Ihe total alkali as Na^COg, a process indefeMible for cij^stic soda 
In this country the total alkalinity is stated in percentage of 
Na.iO, each per cent, being this would be a suilftble method 
but for the custom of taking tlie atomic weight of sodium as 
24, which causes the stated percentage to be higher than tlie 
real. Nowadays the valuation is Jiiade correctly and translated 
by various fraudulent methods of calculation into a higher alleged 
content of soda, the method varying with the district. Stated 
by th(^ English method (Na 24) pur<5 sodium carbonate is 
59-2G'' strength, the real value (Na = 23) being hS'lO*'. Jhire 
caustic soda on the same standard is TS'Oo", the real value 
(xNa = 23) being TTf/ 

TREATMENT OP TANK WASTE (ALKALI WASTE). 

— It will bo realised from the foregoing, that practically the whole 
of the sulphur of the sulphuric acid used in the manufactuni of 
salt-cake remains in the tank waste from the extraction of black 
ash. The dry waste thus produced amounts to \l tons per ton 
of soda ash made. Fornunly tl»e whole of this had either to be 
h(‘aped outside the works, or carted out to sea, if the nuisance, 
arising from the sulphuretted hydrogen evolved from it, became 
intolerable. Its composition is given below: — 


Na-jCOj, l'G3 per cent, 

CaCOg, 38-81 

Ca(0H)2, 0-53 

('aS, 35-12 

(:aS,,Oa 1-49 

Coal, ()-27 ,, 

Ah.Ug, 0-1.3 

Key, 2-7G 

Site, 1-21 

Sand, . . • 2-0 1 ,, 


99-56 

Tlie action of air and moisture on this substance produces hydro- 
sulphides, jjolysulphide.s, sulphites, and thiosulphates. These 
being washed out by the rain, drain away from tlve heap, the 
drainage giving up HoS by the further action of COg of the air, 
And also itself contaminating adjacent water supplies. 

Inasmuch as sulphur is, with the exception of nitrate, the 
most expensive raw material used in the production of soda, the 
only rational way of dealing with alkali waste consists in recover- 
ing the sulphur as such. * The sole method successfully effecting 
this is the Chance-Olaiis recovery proces^ which is workgd as 
fo(Jows: — Fresh alkali waste is made into a c?eam with water 
and subjected to the action of lime kiln gases in a set of vertical 
cylinders, 16 feet by 5 feet. The OOg of the lime-kiln gfises first 
attacks Ca^ of the alkali waste, producing CaCOg an(f H ,S:* 
LaS + H„0 + CO 2 = CaCOg -1- HgS. The parses into the 
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next cyli^Uer containing alkali waste and is absorbed, forming 
calcium hydrosulphide Ca(8H)<j, approximately pure nitrogen, 
from the lifiie-kiln gases, escaping. After the waste has been 
completely decomposed in the first cylinder, CO 2 will pass on to 
the next and react with Ca(SH)o, thus — 

Ca(SH)2 + CO. + H2O = CaCOa + 2H2S. 

The sulphuretted hydrogen is collected in a gasholder. It 
will be seen that the rationale of the process consists in ob- 
taining a fairly concentrated sulpliuretted hydrogen by first 
enriching a portion of the waste to be treated and then de- 
composing this enriched waste. In practice, a set of seven 
decomposing cylinders is found requisite for this purpose. The 
average strength of the sulphuretted hydrogen produced is 
32 per cent, of the remainder being nitrogen with a little 
CO 2 . The residue from the tank waste, thus treated, consists 
of CaOOg, containing a little alkali, and may bo used for making 
black ash, and has been tried for the manufacture of Portland 
cement (q.v), but is not well fitted for this purpose on account 
of the sulphur which it contains.* 

The sulphuretted hydrogen stored from this process may be 
burnt, instead of pyrites, for vitriol making, but this method of 
utilisation is not remunerative ; it is, therefore, used to produce 
recovered sulphur in a Olaus kiln. The Claus kiln, which serves 
for the recovery of sulphur from however obtained (see Gas 
Mamifacture, Vol. IT., p, 85), is an apparatus devised for the 
smooth carrying-out of the reaction 4 - 0 PIoO + S, when the 
sulphuretted hydrogen is diluted with inert gas, such as nitrogen. 
The kiln consists of an iron cylinder, A (Pig. 8), lined with fire- 
brick, and having a grate, B, at its lower part, upon which a 
layer of ferric oxide, C, about 18 inches thick, rests. 

The dilute sulphuretted hydrogen constituting the Chance 
gases is mixed with about four-fifth.s of its volume of air, and 
the mixture is passed into the kiln below the grate. The ferric 
oxide which has already been heated is now kept hot by the heat of 
the combustion of the hydrogen in the H.,S, the combustion being 
induced by the presence of tliis hot oxide. The resulting steam 
and sulphur vapour pass into a series of chambers, in the first of 
which, D, the temperature is sufficiently high for liquid sulphur 
to be deposited, while in the succeeding chambers, E, flowers of 
sulphur are condensed. The combustion of the HgS is not 

* Another method of utilising tank waste is the Parnell and Simpson 
procest, in which the wuE^te liquors of the anunonia-soda process {v.i.) are 
worked up. The relictions involved are— 

(I) ‘2NH4CI -J- CaS CaCla + (NH4)2S. 

V(2) {NH4)2S -f- 2 CO 2 + 2 H 2 O = 2Nli4HC03 -f- HaS. 

^he is collected in a gasholder, and the ammonium bicarbonate use^ 

‘ Jor making amiponia-soda. 



modified by P(5chiney, which is designed for treating draftiage 
fro»i tank^wagte heaps, thus avoiding the worst nuisance. Air 
is blown through the drainage until sufficient of the sulphide 
wliich it contains has been oxidised to thiosulphate, so^hat it^ 
r^cts completely with the remaining sulphide when hydrochloric 
acid is added, according to the equations — 
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(iJl) CaSjO, -l^aHCl = CaCI, j- H.,0 -f SO. + S 
2 Ca(SH), +' 2HCI = CaCl, -P ‘ifl.bt ^ ^ 

(3)jSO, + 2H,S = S, + 2 H 5 O. ‘ 

The sulphur is thus recovered. Owing to the increasing cost 
Mroclilonc acid, this method lias liocoiiie unremuncrat'ive 
CHLORINE AND BLEACHING POWDER.-The in,anu- 
lacture of chlorine for conversion into bleaching powder is ahviivs 
apartot the Jaiblanc proces,s, because nearly all the chlorine of 
the salt appears as hydrochloric acid, which has fewer applications 
than lias chloride oflime. 

in order to prepare clilorine from hydrochloric acid, the liy- 
drogon of the latter must he oxidised to water. While many 
oxidising apnts will effect tl.is, the cheapest is manganese di- 
oxide, which reacts as follows : 


MnOa + 4HC1 = MnCh + 2 II 2 O; MnCh = MiiCh + Clg. 

Manganese tetrachloride (MnOI,) exists in the brown solution of 
manganese dioxide in cold strong HCl. It is very unstable, and 
sp Its up on warming into manganous chloride (MiiOl.,) and free 
Chlorine. For manufacturing purposes, where the “liquor is 
neated, the reaction may he considered to proceed thus— 

MnOo + 4HC1 = MnCl2 + CI 2 + 2 H 2 O. 

Such other oxidising agents as may be practically substituted 
lor manganese dioxide will be dealt with later. 

^ The hydrochloric acid, condensed as described above (p. 29) 
IS used for making chlorine ; it should contain at least 20 per 
cent. HCl (specific gravity MO), and is better when stronger: 
it should be as free as possible from sulphuric acid, for removing 
which m the form of barium sulphate, barium chloride has been 
used. 

The manganese dioxide is always originally used as a mun- 
ganese ore (an impure natural manganese dioxide), though nearly 
all of it IS recovered as an artificial oxide (v.i) after each distil- 
lation of chlorine, and used repeatedly. The manganese ore now 
20 mes chiefly from Huelva, and should contain, at least 65 per 
sent, of MnOg and be free from calcium carbonate, because this 
p^astes acid and yields CO^, which contaminates the chlorine. 
The technical valuation .of “manganese” for chlorine makiiKT 
jonsists in estimating the “ available oxygen ” — that is, the pei* 
.entage of oxygen in the ore above that necessary to form the 
3ase MnO, and therefore available for oxidation of HCl. 

Chlorine stills are Stoneware, carboy-shaped vessels, filled with 
perforated cylinder holding the manganese, and pro- 
vided v^jth an inlet neck for the acid and an outlet pipe for the 
ihloriae ^ the still is heated by a*steam jacket. 

Another form consists ol a stoneware cylinder with a faltse 
)Ottom for holding the manganese, covered by a leaden bell, the 
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lower edge of which is trapped by water inen outer v^el, which 
also serves as a water jacket for lieating the still. Both the 
above forms are fit only for small installations. 

In large works the stills are made on the pattern shown in 
Fig. 9 ; they consist of siliceous stone slabs, tongued and grooved, 
and madl tight by caoutchouc or a lute of tar and fireclay. Tlui 
walls are held in their place by iron clamps. A sandstone slab 
fitted in the same manner serves as a lid, and is provided witli 
a manhole for charging the still, while a discharging hole is 
situated in one of the side slabs. The manganese rests on a 



Fig. y. — Chlorine still. 


false bottom, to prevent caking ; the charge is 6 to 10 cwts. 
The acid (25 to 35 cwts.) is run in through a lead pipe which 
terminates in an acid seal, and steam ife supplied through another 
lead pipe, continued within the still as a stoneware column, 
which passes below the false bottom, wliere it has several open- 
ings for the distribution of the steam. ^ Tlie acid is r^iii in 
qyickly ai first, chlorine being spontaneously Evolved, and more 
acid added from time to time, until the evolution of chlorine 
slackens, when steam is slowly injected, the temperatl're of the 
§till reaching 90° C. = 194° F. as a maximum. The cKarge i9 
worked off in 24 to 48 hours. The chlorine, ^hich escapes^ 
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V ♦ . . . . . . , 

through leaden pijA3 in the lid, is passed into the bleaching* 

powder chambers, described below. 

Even shofld the reaction between MnO.^ and HCl for the 
production of chlorine, given above, be capable of realisation in 
practice, half of the chlorine of the hydrochloric acid would be 
retained in the still as manganous chloride. On account of tlui 
presence in native manganese of other oxides than that of 
manganese, and of the impossibility of pushing the saturation of 
the hydrochloric acid to the point of neutrality, considerably 
more than half the acid is wasted, as far as the production of 
chlorine is concerned. Thus of the total hydrochloric acid used, 
it generally happens that one-third ap[)ears as chlorine, rather 
more than one-third as manganous chloride, and nearly the whoh^ 
of the remainder as free hydrochloric acid, a comparatively small 
proportion being accounted for as ferric chloride, aluminium 
chloride, barium chloride, etc. 

Til c comparative costliness of manganese has made its recovery, 
in order that it may again serve as an oxygen carrier, essential. 
The only method which successfully attains this object is tlu^ 
Weldon recovery process. The still liquor, consisting of man- 
ganous chloride, acid with hydrochloric acid, and containing some 
ferric chloride, is agitated in “neutralising wells” with ground 
chalk or limestone; here the free acid is neutralised, calcium 
chloride being formed, and the iron is precipitated as ferric 
hydroxide, the manganous chloride not being precipitated by 
this reagent except so far as the still liquor contains free chlorine 
(always the case), which causes a precipitation of an equi\'alent 
quantity of manganese as dioxide. The neutralised liquor is 
pumped into .settlers of wrought or cast iron, and, after settling, 
is run olf into iron cylinders, the “oxidi.sers”; the mud is washed, 
and the washings us(‘d for making milk of linuj for the next 
operation. This consists in adding milk of lime in the proportion 
of 1 molecule of lime to 2 molecules of manganous oxide, the 
quantity generally amounting to 12 to 14 cwts. of lime per ton of 
bleaduTig powder made.* Tlie lime must be free from magnesia, 
inasmuch as this is too feeble a base to decompose manganous 
chloride with the requisite rapidity, and, therefore, remains in 
the mud as MgO, ready to consume a portion of the hydrochloric 
acid in the mud-still. The oxidisers are placed vertically, and 
arc supplied with air, and ate fitted with a steampipe which main- 
tains the temperature at 55“ C. = 131° F. The reaction taking place 
in the oxidisers consists first in the precipitation of manganou.s 
oxideyi and the formation of calcium chloride, by the action of the 
lime on the manganous chloride. This is oxidised b^ tke streapi 
of air with the formation, in the presence of lime, of calcium 
mangani^' (CaO.MnOg) and mangapous manganite (MnO.MnO.,). 

*It is convenient, on account of commercial considerations, to calculat^ir 
' jtems of cost pes unit of the finished product. 
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For further elucidation of the cheinib^tt-y of this fi-ocess it 
may be stated that when air is blown through a precipitate of 
manganous oxide, manganous manganite is ionnedf the oxida- 
tion only proceeding sufficiently far to provide an acid oxide 
(MnO.J to combine with the basic oxide (MnO). The rapidity 
of absorption of oxygen is enhanced by the ]>rosence of a more 
powerful base than MnO — e.g.^ CaO — when calcium manganite is 
formed ; but it is impracticable to produce a calcium manganite 
in tliis way, unmixed with manganous manganite. It will be seen 
from what has been said, that the oxidised liquor consists of a 
solution of calcium cldoride containing in suspension calcium 
manganite and manganous manganite ; the proportions of the 
lime, and of manganese as manganous oxide and manganese 
dioxide, being in accordance with the following analysis : — 

MnO.., f>6 P‘*r cent. 

Mu()‘ 17 „ 

CaO K) ,, 

ai) 

The necessity for tiie use of lime has been indicated above ; 
its (piantity is reduced as far as possible in order to avoid a 
greater loss of acid in the still than is absolutely neces.sary, by 
adding still liquor cc niaining manganous chloride (‘‘final liquor”) 
to the mud after the tirst stage of blowing ; a portion of tlu^ lime 
in the calcium manganiOj is thus removed, leaving a mon^ acid 
calcium manganite, and forming calcium chloride and manganous 
hydroxide, the latter being then converted into nianganous 
maiiganite by the further action of air. d'he calcium chloride 

in the liquor plays an important part in assisting the oxidation, 
by reason, it is believed, of its solvent action on calcium man- 
ganite, which appears to act as a carrier of oxygen. The 
precipitated manganites tlirown down in the oxidisers are known 
as “Weldon mud.” When the process is properly conducted, 
about 80 per cent, of the total manganese in the mud i.s in the 
form of MiiOo, so tliat its value for producing chlorine is (iqual 
to that of a high grade native manganese, and is enlianced by its 
finely-divided condition. The contents of the oxidisers are run 
into settlers, tlie calcium chloride solution is drawn off, and the 
Weldon mud, still fluid enougli to pass tlirough a pi]ie, trans- 
ferred to the mud stills, which are .similar in design to those used 
for the native manganese, but larger, generally octagonal and 
not provided with a false bottom, because the mud is completely 
soluble in the hydrochloric acid. The w^aste liquor fron* the 
stiy is woinlced up again in the same way. 

The recovery of manganese by Weldon’s process is so complete 
that the amount of fresh manganese ore requisite to replflce that 
Iq^t, is about 1 per cent, of the bleaching powder made. 

It will be seen that only one-third of the chloriiii in the salt, 
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the orig\]^kl raw malrerial, appears as gaseous chlorine, the re** 
mainder being run to waste as calcium chloride. The improve- 
ments whicki have been suggested in the preparation of chlorine 
by the use of manganese dioxide as an oxidising agent, have been 
in the direction of reducing this waste of two-tliirds of the 
chlorine. In the most lioptd’ul of these, magnesium Airbonate 
is substituted for calcium carbonate for neutralising the still 
liquors, in order that advantage may be taken of the fact that 
magnesium cliloride decomposes when heated with the evolution 
of a part of its chloriiui as hydrochloric acid. The neutralised 
still liquor is evaporated to dryness, and the residue roasted in 
air, so that chlorine, is evolved and magnesium manganite, which 
can be used as an oxidiser in the ghlorine stills, remains. By 
this means a larger proportion of chlorine can be obtained, 
amounting to GO pm- cent, or more of that in the salt. This 
process is not at present in extended use. 

Numerous oxidising agents, other than MnO. 2 , have been 
suggested for the production of chlorine, but that which has 
a]on('. provetl moderately successful is atmosjdieric oxygen, em- 
ployed as in tin; Deacon process. The principle of this ju'ocess 
is expressed by the equation 2KCI + O^HgO + Clo, which can 
only be realised — and then partially — when both the ilCl and 
HjO are gaseous, as the decomposition of 2 mols. of HOI 
(gaseous) involves the absorption of 44 Cal., and the formation 
of 1 mol. of H 2 O (gaseous) evolves 58*7 Cal. ; this leaves a balance 
of 147 Cal., so that the reaction is exothermic, whereas, when 
both substances are liquid the n^action is endothermic, and, 
therefore, cannot take place spontaneously. The oxidation of 
HCl by atmospheric oxygen can be eliected by supplying energy 
from without in the form of heat ; but the process is slow and 
incomplete. In the presence of cupric chloride, however, the 
reaction takes place more readily, inasmuch as cupric chloride, 
by dint of its facility for dissociating into cuprous chloride and 
chlorine at 400“ C. ~ 752“ B., acts as a carrier of oxygen from the 
air to the hydrogen of the HOI. The stages of the reaction may 
be represented thus (according to Hiirter) : — 

(1) 2CuCi2 = CU 2 CI 2 + CI 2 . 

The oxygen of the air then reacts with cuprous chloride 
thus — 

(2) CU 2 CI 2 + 02 =- ‘2CuO + CI 2 . 

The cu})ric oxide is regenerated to cupric chloride by the action 
ofthG’HCl— . 

(3) CuO + 2HC1 = CuC’h + H 2 O. 

The sanK) cycle of changes is then rej)eated. 

* In practice, the gaseous HCl /rom the decomposing pans of 
• salt-cake furnaces (that from the roasters is too dilute) is cooletl 
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hy passage through long pipes and a scrufcber, and fj^s freed 
from the bulk of the steam which accompanies it ; it is 
then heated by traversing a stove similar to th%se used for 
hot-blast furnaces (see Vol. I.) to a temperature of 500” C. 
= 932“ F. The acia gas is pulled through the whole apparatus 
by a Iloo^s blower at the exit end, enough air being drawn in 
through the doors and flues of the furnace which heats the 
decomposing pan. About 4 vols. of air to 1 vol. of HOI are 
required. This mixture of gases, having passed through the 
stove already referred to, enters tlie decomposer, which consists 
of a vertical cast-iron cylinder, shown in horizontal section in 
Fig. 10. The mixture of gases passes into the outer annular 

space, A, then tli rough the 
annular layer of active 

# material, I>, and escapes into 

the cylindrical centn'. space, 
0, whence it is drawn olf by 

I'lie active material con- 
sists of burnt clay broken 
into lumps and saturated with 
a solution of cupric chloride, 
the mass containing 0-G to 0-7 
per cent, of coppm*. After 
having been used for a time, 
corresponding with an output 
of 10 to 12 cwts. of bleaching 
powder, the material ceases 
. ecoinposer be active and must be re- 
fer Deacon s chlorine process. ^ mi ^ 

newed. ilie decomposer is 

A. Annular space ; B, ?LCtivc material ; not externally heated, the 
(-, centre space ; I), pipe. temperature of the incoming 

gases sufficing to carry on the 
reaction. The best results arc obtained when the temperature 
within the decomposer is kept between 450“ and 460° G. (842'’ 
and 860“ F.). The exit gases from the decomposer contain from 
one-half to one-third of the chlorine which is present, in the free 
state, the remainder being still as HOI, which is condensed in 
the usual way. If the gas is to be used for making bleaching 
powder, it is dried by passing up a tower fed with vitriol. 
When properly worked the process yields a gas containing as 
much as 10 per cent, of clrlorine, but this strength is much below 
that of the gas obtained from manganese stills, and on account 
of this comparative dilution the bleaching-powder chambers in 
which it is absorbed differ in detail from those described below 
for stronger chlorine. • 

A number of attempts have been made to use nitrA acid,* 
frequently in the presence of sulphuric acid, to o:jidise hydro- 


Fig. 10. — Decomposer 
for Deacon’s chlorine proee.ss. 

Annular .space ; B, ?LCtivc material ; 
(’, centre space ; I), pipe. 
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chloric V^Aid to chlyrine, the nitrous oxides produced bein^ 
absorbea in sulphuric? acid, and regenerated. The method has, 
however, m^t with very little success. 

Production of Bleaching Powder. — The process for raanu- ^ 
factoring bleaching powder, or chloride of lime, consists in 
passing chlorine over slaked lime, which absorbs the gai3, forming 
“chloride of lime.'’ The reaction which occurs is still a subject 
of discussion, but, whatever its course, it appears to result in t]\e 
production of a compound CaOl.OOl, which, on contact with 
water, decomposes according to the equation — 

l2(CaC1.0Cl} = Ca(Oa )2 + CaCla- 

The calcium hypochlorite [Ca(OCl) 2 ] and chloride (CaClo), formed 
in this way, dissolve in the water, leaving a residue of unaltered 
slaked lime. 

The slaked lime must be prepared from “fat" quicklime by 
sprinkling with water, in order that no excess of the latter may 
be present, and must be sifted from unslaked lumps. It is spread 
on shelves in large lea<len chambers, about 100 feet long, 7 feet 
high, and 10 to 20 feet in width, the floor being made of stone 
slabs. The chlorine is admitted into these systematically, and 
the progress of absorption is judged by the colour of the gas as 
-observed through windows in the walls. When the yellow 
colour has disappeared, the lime is turned over by spades and 
fresh chlorine is admitted, after the absorption of which the 
process is complete. When the chambers are not worked in sets, 
the excess of chlorine' is drawn off and absorbed in milk of lime, 
to make bleach liquor. The bleach maker is not allowed to let 
gases containing more than 2^ grains of chlorine per cubic foot 
escape into the air. When dilute chlorine, such as is obtained 
in the Beacon process, is used, .sy,stematic working is a necessity, 
and the chambers are much larger than usual. 

The average yield of bleach is about one and a-half times the 
w'eight of the slaked lime used. When properly made, it is a 
nearly pure white powder, which becomes slightly dump when 
exposed to air, and decomposes in the pj-esence of moisture and 
CO.,, which cause it to give off' hypochlorous acid ; it is the 
presence of this body which gives chloride of lime its character- 
istic smell. It should contain at least 35 per cent, of “availalde 
chlorine” — i.e., chlorine iri a condition to effect oxidation, and, 
therefore, bleaching action. 

Where a local market exists for bleach, “bleach liquor” is 
somtV^imes prepared \)y passing chlorine into milk of lime, con- 
taining 1 to 1^ lbs. of slaked lime per gallon of v ater, a,nd 
mechanically agitated. It contains calcium hypochlorite and 
calcium 'i;hloride, and the available chlorine, per unit of lime, is 
^higherHhanin bleaching powder, because lime is more thoroughly 
attacked whven in an emulsion than when in the solid state. 
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Che eau de Javelle and eau de Laharraque iirst made^w France 
are “chloride of potash’^ and soda respectively, and are pre- 
pared by passing chlorine into solutions of the corresponding 
carbonates, whereby the chlorides and hypochlorous acid are 
produced — 

WcOg + 4C1 + H.O == 2NaCl + CO^ + 2HOCh 

They contain more available chlorine than bleach, but are less 
stable. Liquid cldorine, contained in steel cylinders at a pres- 
sure of 8 atmosplieres, is now a commercial product. It boihs at 
- 33*6° C. = “ 28“ F., and its specific gravity is 1‘33. 

Potassium Chlorate. — This salt is also a bye-product of the 
manufacture of alkali by the Leblanc process, free chlorine being 
essential for its production. While hyjmchloiites are foruK'd 
when chlorine is passed into cold alkaline liquids, chloiates are 
pioduced when the temperature is near 100“ C. = 212° F. fii 
the manufacture of potassium chlorate, calcium chlorate is first 
prepared, thus — 

GCa(OH)., -f 1201 = SCaClj + CafClOal^ + CILO. 

This is decomposed by the addition of potassium chloride, thus — 
Ca(C103)2 + 2KC1 = CaClg + 2KCIO3. 

Tt is cheaper to form calcium chlorate as an intermediate product, 
i)e{;ausc five-sixths of the potash in caustic potash, if that were 
used directly, would be converted into chloride, a comparatively 
low-priced salt. 

'J’he first stage in the process consists in passing chlorine into 
cast-iron cylinders containing milk of lime and provided with 
agitators, several such vessels being worked systematically. The 
heat evolved during the reaction raises the temperature sufii- 
ciently to induce the production of calcium chlorate instead of 
calcium hypochlorite. Even in careful work a certain amount 
of oxygen is evolved from the decomposition of calcium hypo- 
chlorite, representing a corresponding loss of chlorate, this loss 
being smaller when an excess of chlorine is present. The finished 
liquor, which is pink from the presence of calcium permanganate, 
is run into settlers, and p)otassium chloride is added. TIk^ clear 
liquor, containing potassium chlorate and calcium chloride, is 
run off, and the mud, containing impjiirities in the slaked lime, 
is washed, the washings being used in making the next liatch 
of milk of lime. The chlorate liquor is boiled down in iron 
pans until its specific gravity is 1-35, when potassium chlorate 
crystallis(js ; the salt is recrystallised beforfi it is marktited. The 
mifther liquor, contains at least 12 per cent, of the total chlorate, 
part of which may be recovered by cooling the liquor to#-- 20'" C. 
= - 4° F., when more potas^um chlorate crystallise.s. •It is» 
economical of chlorate to substitute magnesia for lime, as a 
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portion\^i’ the magresium chloride produced can be crystallise 
before adding the pot&ssium chloride, and the final mother liquors 
are less huV^y and hold less potassium chlorate in solution. 

Potassium chlorate is anhydrous, and is used in the manufac- ^ 
ture of matches, fireworks and explosives, and generally as an 
oxidant. iSodium chlorate, which is preferable for somt; purposes 
to potassium chlorate, on account of its greater solubility, may be 
made by removing a part of the calcium chloride from calcium 
chlorate liquor at a temperature of 10'’ to 12° 0. - 50'’ to 54° F., 
and adding sodium sulphate ; the precipitated calcium sulphate 
is filtered off, and the solution of sodium chlorate is evaporated 
to crystallisation. In Hargreaves’ method dry sodium carbonate, 
bicarbonate, or hydrate is acted on by chlorine at an elevated 
temperature and the mass systematically leached with water, a 
strong solution of the easily soluble sodium chlorate being finally 
obtained, from which the salt is then crystallised. The salt is 
anhydrous. 


IL THE AMMONIA-SODA PROCESS. 

This process — which was first put into practical shape by 
Solvay (1863), although the knowledge of its fundamental 
reactioil is of much older date — depends on the fact that when 
solutions of sodium chloride and ammonium bicarbonate are 
mixed, double decomposition occurs, resulting in the formation 
of ammonium chloride and sodium bicarbonate, the latter being 
precipitated on account of its s[)aring solubility in solutions of 
the former. In practice, the ammonium bicarbonate is formed 
in situ by passing carbon dioxide into a brine saturated with 
ammonia, the reaction proceeding thus — 

NaCl -t mh I- COo -f Hot) = NallCO., + NH.iCl. 

The ammonia is recovered by treatment of the N H^Ol solution 
with lime, according to the equation— 

2NH4CI -H Ca(OH)a - 2NH3 I- CaClz -t 2H2O. 

The carbon dioxide is also partly recovered in the process of con- 
verting the sodium bicarbonate into the normal salt, Na^COg — 

2 NaHC 03 ‘= NajjCOa + HgO -i- COg. 

As the fundamental reaction belongs to the reversible class, the 
conversion of the sodium chloride is incomplete, only about two- 
thiras being obtained as carbonate. ^ 

The manufacture consists of two essential operations, the ^ne 
being the preparation of a pure brine saturated with ammonia, 
‘ the oKier the carbonation of this'brine with lime-kiln gases and 
with the CQg recovered as indicated above. ^ 
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•The puritication of the brine from the magijesi , .. :in (9y^e, and 
silica, and its saturation with ammonia, arS efiecced in tlie same 
operation in an apparatus whicli is typified by 11. The 
vessel, A, is filled with brine, and receives a charge of lime 
which is to precipitate* the impurities above mentioned. The 
brine is tken allowed to How into 11, wlnn-e ammonia, from the 






Fig 11. — Brine saturator for ammonia-soda process. 

A, Vessel f(jr purifying brine; B, saturator;" C, false-bottom distributor; 
1), water coil; E, salt injector. 

Still to be subsequently described, is introduced througl^ the 
distributoi^ C, the liquor being kept cooKby the water coil, D. 
i 0 ensure saturation of the brine, which may have been diluted 
by the water accomjianying the ammonia blown in, salt'may be 
introduced through the pipe, E!. 

^y circulation of the liquor between A and thorough 

4 
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mixture is obtained, and when 



Fig. 12. —Carbonating 
tower for ammonia soda process. 


saturation, as indicated by the 
alkalinity of test samples, is 
complete, the sludge is removed, 
mainly by decantation, in a 
separate ve.s.sel })rov-ided with 
an overflow pipe and a sludge 
cock. Tlie clarifleation is then 
completed by passage through 
a filtering cloth before the brine 
is passed through the cooler, 
wliich consists of a series of 
pipes constructed on the prin- 
ciple of a Liebig’s condenser. 
Thesti movements of the am- 
moniacal brine are atduated by 
a force pump which scarves at 
the same time to raise it to the 
top of the carbonating tower. 

This apparatus, represented 
in Fig. 12, is a cast-iron cylinder, 
A, some 40 to 50 feet liigh, 
containing a number of fixed 
diai)hragms, B, about 3 feet 
apart, each with a central hole 
through which a rod, 0, passes 
down the whole length of the 
tower. To this rod are attached 
perforated, saucer- like plates, 
D, 1), at such distances that 
they rest upon the fixed dia- 
phragms, B. The ainmoniacal 
brine is introduced at the 
middle of the tower by the 
pipe, E, from the stfU'age tank, 
situated at the lev('l of the 
main, F, about 12 fe(^t from 
the to[> of the tower. The 
pipe, (I, serves to equalise pres- 
sure between the main, F, and 
the to{» of the tower. It will 
be seen that the column is kept 
filled up to the level of F with 

A, (\liiuU‘r ; H, 'diaphragms ; C, 

rod; D, D, perforated plates; E, 

Ihpior injection pipe; F, niain; 

G, pipe for e<juaUsing pres.su ’e; 

H, exit pipe ; K, gas injection pipe. 
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animoiiiacal brine, and it will be undgfstood that^Dy this 
arrangement of introducing the ammoniacal liquor at the 
middle of the column of liquid, the ammonia carri<)d upwards 
bv the ascending current will be fixed by the CO.j which the 
top part of the column has already absorbed ; the advantage ot 
liaving uitimonium bicarl)onate at this part of the column arises 
from its biung less volatile than ammonia itself, so that a smaller 
quantity of this valuabh^ reagent is carried away with the waste 
gases through tlic pipe, 11. tiian would be the case if the liquor 
were let into the top of the column. The introduction of 
ilie lime kiln gases, containing about 30 p<T cent, by \olume 
of (JOo, is effected by pia'ssiire tliroiigh the pipe, Iv, at the base 
of the tow('r. A cei-tain amount of systematic working is attained 
iiy forcing gas(*s rieli in (KX, (c.y., from the ignition of tlu^ Nal I (H).,) 
into the cylinder, through this lower pip(', where thety aet uj)on 
m'arly si)eut ammoniacal ])rine, and passing gases poorer in (Jt.)., 
tlirougli a pipe in the upper part, where tln^y moot a riclier brine, 
'file liimi kiln gases used must b<; cool and free from flm' dust 
and SOo ; these objects are attained by washing with water lioth 
liefore and after compression. The CO.^ is generally so far used 
tliat the exit gases contain about 10 pfir cent., besides some 
ammonia which is absorlied by passage through a new batcli of 
brine, followcal by a .scrubbing with sulphuric acid. 

The most favoaral)le temperature for the ri'alisation of the 
double deconqiosition b(3tween the sodium chlorid(3 and am* 
inonium bicarbonate is 15° C. — 5D° F., and in order to maintain 
this as nearly as practicable, the heat of the reaction is removed 
by external cooling of the carlionating towiu’s by a .stream of 
water. It is claimed that the ex{)ansion of the compressed lime 
kiln gases, as they pass tlirough the column of liquid, contributea 
to this cooling elb^ct.- 

As the crystals of sodium bicarbonate form, they collect on 
the perforated diapliragms down wliich tliey slide, jias.sing through 
nicks in the circumference of those, and through the central 
holes of the fixed diaphragms, forming a sludge at tlic bottom of 
the cylinder ; a certain amount of agitation can be imparted to 
the diaphragms to promote the subsidence of the crystals. The 
sludge of crystals Hows from the bottom of the cylinder on to a 
A jicuum filtei', is washed with a small quantity of water, aiwi is 
then ready for conversion into soda .ash! 

The mother liquor and washings from the vacuum filter 
contain, on account of th(3* imperfection of the reaction and the 
solubility of sodium bicarbonate, .sodium .chloride (frequently 
aim^unting^to one-third of that present in the original brine), 
sodium bicarbt)nat(^, aminonium bicarbonate, and .arumonium 
eldoride. The motlu^r liquor is, run into the ammonia recovery 
apparatus and yields ns final products ammonia and 

ammonium carbonate -which are returned to the brine satura- 
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tors — £ti.jd sodium 'cjiloride, which is run away. Thus, tbi't 
portion of the sodium bicarbonate which remains dissolved in 
the motlic^ liquor is reconverted into sodium chloride, and is 
run to waste. 

On account of the comparatively small demand for sodium 
bicarbonate, the bulk of the first product of the amiftonia-soda 
process is converted into soda ash, but a portion of it is re- 
crystallised, to eliminate adhering ammonia, in an atmosphere 
of CO 2 under pressure, and sold for making baking powder, »fec. 
The conversion into soda ash is carried out by heating the 
bicarbonate in a horizontal cylinder provided with an agitator, 
or in retorts. The carbon dioxi<b‘, carryirjg the small quantity 
of ammonia, is returned to tlie lower portion of the carbonating 
tower. The aj)parcnt density of ammonia soda-ash is about 
whiles that of Leblanc soda-ash is Lib When a dense foiin of 
soda-ash is required, a second furnacing is adopted. L»y reason 
of its mode of preparation, ammonia S(Kla-a.sh is free from caustic 
soda, and may contain a litth* l»icarbonate. 

Caustic so(la can be produced in the ammonia-soda works by 
cau.sticising the ash with lime in the ordinary way (see Vol. TI,, 
p. 30), but the process is more costly than with Leblanc soda, 
because in the latter case, as has been shown, the crude soda- 
ash contains a considerable amount of caustic soda ; this tiinls 
its way into mother liquors which hav(‘ no analogue in the 
ammonia-soda procc'ss, where what mother li(pior there is 
(from the carbonating tow<!r.s) must bo used for the* recovery of 
ammonia, in the course of which operation the .sodium Idcar- 
bonate contained in the liquor is decomposed. A method of 
causticising dry soda-ash is, therefore, of special value for the 
ammonia-soda process. The most promising consists in heating 
soda ash witli ierric oxide, whereby C(L is expcdled and a 1(K)S(^ 
compound of Na.,0 and Lectio, sodium ferriU*, is formed. This is 
decomposed on treatment with water, giving a concentrated soda- 
lye and ferric oxide which can be used over again. Tin; evapora- 
tion of tlie concentrated soda-lyc is a comparatively economical 
process. 

Production and Recovery of Ammonia.— The proci'ss for 
the recovery of ammonia in the ammonia-soda process do(.‘s not 
essentially dilfcr from that adopted for the preparation oi* recovery 
of ammonia in other indu.'icries — c.y., the preparation of am monium 
sulphate at the gas works. The following general description 
of the apparatus employed will, therefore, apply to all cases 
whare this ga.s is produced or recovered : — 

Most sources of crude ammonia contain ammonri as speh, 
ammonium carbonate, frequently sulphide, aifd non-volatile 
ammoniacal salts. The first tjiree of these constituents are 
sufficiently volatile to be expelled when the liquor is licaty^d, 
therefore the fraction of ammonia thus obtained is known as 
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<*free ammonia,” while the non-volatile must be^c'ated 

with some base stron^mr tlian ammonia — e.y., lime — the fraction 
liberated in this manner beini; known as “lixed amm'onia.” 

A still adapted for general use consists of two })ortioiis, the 
3iie arranijed I'or the expulsion of “ fret? ammonia,” the other for 



A, Liquor inlet ; B, tiophleginator ; C. gas exit pipe ; D, D, stills ; 

E, E, sludge cocks; F, lime inlet. 

the*liberaAon,of '‘fixed ammonia.” The separation of a niore 
Irom a less volatile substance, such as ammonia from waiter, is 
best effected by the process of*' fractional distillation, wh^ch is 
always aided by some kind of dephlegmator ; in ammonia stills, 
as in alcohol stills, this takes the form of a fractionating column. 
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The\quor contafqing free and fixed ammonia is run through] 
the pipe, A (Fig. 13), into the fractionating column, B, the 
internal construction of which is similar to that used for dis- 
tilling spirit, and is described in the section dealing with this 
subject. During its p:JS.sage down this tower, the liquor en- 
counters a curnuit of steam, and becoming heated, farts with 
its volatile ammonia together with other gases, the products ol 
the dissociation of volatile aitirnonium salts, such as and 
00.,. These gases pass away by the pipe, C, and if the. ammonia 
is to be converted directly into aimnonium sulphate, as is the 
case at a gas works, it is sent into the saturator containing 
sulphuric acid, as described in the section on gas manufacture. 
When the ammonia is used to saturate brine in the ammonia- 
soda process (v.s.) it needs no further treatment, inasmuch as 
only ammonia and carbon dioxide are present. 

From the bottom of the fractionating column, the liquor, con- 
taining the fixed ammonia, enters the still proper, D, D. For 
continuous working several such stills are used, so that one mav 
be in operation while another is being emptied, a sy.stem of dis 
tributing-pipes and cocks serving to connect each at will with 
the column. The lime necessary for freeing the ammonia b 
introduced into the stills, either as milk of lime through y 
pipe, F, or as lumps contained in an iron cage. Idie whoh 
apparatus is heated by the injection of steam, the heat necessar) 
to liberate the tix(!d ammonia and to work the rectifying column 
being thus obtained, 'riic .spent sludge is run off from D by y 
sludge cock, E, at the bottom of the still ; in the case of tin 
ammonia-soda process the “sludge" consists cluelly of calciun 
chloride, together with some sodium chlorido derived from tin 
decomposition of the sodium bicarbonate remaining in solutior 
after the bulk of this salt has separated in the carbonating towers 
This decomposition occurs thus — 

NaliCO, + NH4CI = NaCl + Nlf., + HaO -f COj. 

Such sodium chloride as has escaped conversion in the carbon 
ating towers (v.s.) will also be in this sludge liquor. 

Eecovery of Chlorino in the Ammonia- Soda Process.— 
Whereas in the Leblanc method of making soda, orie-thiril of tin 
chlorine in the original salt is recovered as an essential part 0 
the working cycle, in the- ammonia soda process none is obtainec 
by the ordinary manner of working. Variou.s suggestions havt 
been made to remove this drawback. ' According to the methoc 
of Marking described above, the chlorine appears finally as cal 
cium chloride, this plan being obligatory from the Kecessitv o 
recovering ammonia. An obvious economy consists in tin 
direct recovery of both the constituents of ammonium chloride— 
‘ viz., and HCl — which is rendered the more feasible oi 

account of the ease with which ammonium chloride is disso 
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cTated on volatilisation. No ])racticable imstliod of sF^jparatiDg 
tlie NHg and IICl in tlie dissociated ammoitiium chloride having 
yet been devised, it is, therefore, necessary to employ some base 
^ capable of combining with the HCl. The base chosen for this 
purpose must be sulliciently feeble to allow of decomposition 
of the corresponding chloride on heating in air. Most of the 
basic oxides, save the alkalies and alkaline earth.s, fulfil this 
condition, but magnesia presents many advantages over others 
that could be used. 

One of the best methods of this clas.s is that devised by 
Mond. The liquors from the ammonia-soda })rocess are cooled 
considerably below 0" C. — F., and the ammonium chloride 

wliich separates, together with some suit and sodium bicarbon- 
ate which do not interfere, is volatilised in antimony-lined 
vessels (which resist its attack), and passed over heated (400° 0. 
= F.) magnesia, whereby magnesium chloride and ammonia 

are formed, which latter is returned to the ammonia-soda plant. 
After .sweeping out the residual ammonia by a current of imu t 
gases (COo and N) heated to 550° C. = 1,052° F., I he converh-r 
is he:ited to t>00 or 1,000° (1. — 1,472° to 1,852° F. in air 
supplif'd from a Cowjx r’s hot-blast stove (see Iron^ vol. i., 
p. 151), whereby magnesia and chlorine are produced. It is 
claimed tliat gases containing 7 to 10 per cent, of chlorims 
are thins olitained. The magnesia serves for repcitition of tlni 
process. 

The ea.se with wliich magnesium chloride (and in a smaller 
degree calcium chloride) is decomposed by being heated in air, 
may be utilised for the recovery of chlorine iVom tln^ still liquor 
of the ammonia i-ec-ovcry process. In the ease of calcium chloride, 
the coni]n'irative stability of this suhstancii militates against 
success.* l>y substiUiting magnesia for lime in the ammonia 
stills, magnesium chloridi^ appears in place of calcium chloride 
and can be treated by the Weldon-l’echim^y method. 

This process, which may also bo applied hotli to olitaining 
chlorine from aqueous hydrochloric acid by previously converting 
it into magnesium chloride, and for the manufacture of chlorine 
from the wa.ste magnesium chloride obtained in working up 
Stassfurt salts (si-e /Wu,s7/, \'ol. 11., Chap. XV 111.), consists 
essentially of three stag(‘s. In the first, magnesium oxychloride 
is synthesised by grinding niagne.sia with a .strong .solution of 
magnesium cliloride, tin? comjiosition of the moist ma.ss approxi- 
mating to the formula 5Mg0.4Mg(5,,. 5'his oxychloride is reduced 
to pieces of the size of a walnut, and dried by passage on waggons 
through ajieated chamber at 500° 0. = 572° F. The dried oxy- 

■* Thu (ieoonqio.sitioii of calcium chloride i.s aided by the presence of au 
acid oxide, the cheapest that can h(*applied being silica, tlins: — 

CaCl SiOa -H H,0 = CaO.SiO + 2HCI. 
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chloride Vhich has Jost half its water and some 5 to 8 per ceifc. 
of its chlorine as during the drying, is filled into narrow 
finibrick chambers previously heated by a locomotive regenera- 
tive furnace to a temperature of almut 1,000° 0. = F., and 

Jieated air is passed over it. Forty dive per cent, of the chlorine is 
tlius evolved free, 40 per cent, as llCl (deriv<‘d hy the action of the 
re.sidual water in tin; dried oxychlorid(‘), and tin* balance remains 
in the residue, whicli is cooled and returned to the process. Tlie 
o.scaping gases, containing some (I to 8 per cent, of clilorine, the 
nunainder being HCl, N, and surplus air, pass into a condenser 
consisting of a stone tower filled with a number of cross tubes 
of glass, tliroiigh which wab'r is circulated. Here the water is 
ooiidenseo, and the gases next pass through a series of bom- 
bonn(!s, and linally through a coke scrubbc'r, in order to condenso 
fully the II Cl. 'file clilorino is utilised for making bleach and 
chlorates. ’ 

III. OTHER CHEMICAL PROCESSES FOR MAKING 
ALKALI. 

Several other jirocesses for making alkali have been d<‘vised, 
but their application has been limited. They depend upon the 
following general principles: — (1) The decomposition of a sodium 
salt by means of a base capalile of forming an insoliiblo pre- 
cipitate with the acid of the sodium salt, sucli as is exiiressed by 
tln^ etpnition — 

Na2S04 + ba{OH)2 = 2 NaOfl + baSO^. 

(2) The treatment of a sodium salt at a high temperature with 
an acid radicle capable of disjilacing the radicle in the sodium 
salt at that temperature, and of forming a new sodium salt, 
decomposable by water or CO. 2 , thus — 

(1) 2NaCI 4 SiOa + HjO = NajSiOa + 2HC1. 

(2) NagSiOa + CO 2 = b'a^COa + SiOg. 

A process of this class, which has ]>een put into actual work, is 
the Cryolite Process, in which sodium carbonate is produced 
as a bye-product in the niHiiufacture of aluminium sulphate — 

SNaF.AlFg -I- SCaCOg = NagAlOg + SCaFa + SCOg. 

In this case the alumina functions as an acid oxide, yielding 
sodium aluminate, which can be decomposed in aqueous solution 
by OO 2 - 

2 NagA 10 g -f 3CO2 = dNa2G03 -t AI2O3, 

the alumina being subsequently converted into aluminiun/sul- 
phate. 

Tht> principles of methods (1) and (2) may be combined, a.s in 
the Staveley process, in which sodium sulphate is treated with 
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calcium carbolate, (C^.Hj^O).,Ca, made by criiQ* ’carbolic 

acid witii milk of lime; the reaction ju-oceeds tlius — 

Na^SO, + {(.VHsOlX’a ‘JCJl^^ONa -j- CuSU^. 

The sodium carbolate thus obtaimal is decomiiosed by CO^, orudo 
carbolic Ticid being regemu-ated — 

‘2Ccfb«)Xa + (;0. . 1U> -- K;i,(;(),. + ‘JCV.IbOll. 

Alkali, Bleach, and Chlorates produced by Electro- 
lysis. — When fus('d sodium chloride is submitted to electrolysis, 
chlorine is evolved at the anode and JinUallic sodium at the 
cathode; in the pr(‘senc(^ of wattu* the sodium is never liberated 
as such, because of the immediate formation, in its place, of 
caustic soda and hydrogem, HOll i- Na. - JShiOri, 4 - Jl. In an 
open cell the hydrogen thus evolved tends to combim^ with the 
chlorine by diifusion through the li(juid, and II (Jl (and linally 
XaCl) is regenerated; a similar contact of the amale and cathode 
products-- namely, chlorine and caustic soda — gives ris(* to the 
Ibrmation of sodium hypochlorite and sodium chlorate (see IJlec- 
trobjtic hleachinf/, Vol. 11., Chap. XI 1.). It follows that when 
caustic soda and chlorine are to be produced, the anode and the 
cathode products must be separated — e.y., by a porous septum. 
The decomposition of sodium chloride under these conditions 
may be reprcKeuted by the equation — 

NaCl -t- IIOH = NaOH H- H + Cl. 

C'atliode. Anoile. 

The voltage of the current, and, therefore, the total electrical 
eiK'rgy needed to decompose a solution of salt, is necessarily 
greater when hydrogen is liberated, and chemical work thus 
done, than when the evolution of hydrogen is preventtid ; in 
some systems the hydrogen is oxidi.s(;d by tin; use of an oxidant, 
such as copper oxide, which can bo readily regenerated by 
heating in air; in this ca.se the superlluous work done is 
represented finally by the reduction of OuO to Cu, instead of 
by the more energetic reduction of H.,0 to In practice, 

too, it is advantageous to suppress this hydrogen, for mechanical 
reasons. 

The simplicity of the production of alkali and chlorine by 
electrolytic methods is largely discounted by the difficulty of 
finding a material capaido of withstanding the action of nascent 
chlorine, and of preveufiiig re combination of the products of 
the electrolysis. Platinum-iridium alloys, which would ^orra 
tli^‘ best tuialerial for anodes, are inadmbsible on aevount of 
their cost, and recourse is generally had to blocks of gas carbon 
(retort scurf), or to artificial carbon blocks. The cathodes are 
^nerally made of iron, copper being occasionally u.se<l 

According to the way in which the products of the electrolysis 
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are sf‘p%i^ite<i from ‘each other, the dill'erent methods whicfii 
have, so far, been worked with any degree of success may be 
divided into three. In the first and oldest of these, the 
electrolytic cell is divided into two compartments by means 
of a diaphragm, which allows of the passage of electricity (and 
of dissolved ions) through it, but prevents the lii^uidf^^ as such, 
from mixing. The anode is placed in one compartment, which 
also contains the salt solution to bo electrolysed, whilst the 
cathode and water are put into the other. Clilorine is drawn 
off from the anode comj)artment in some suitable manner, and 
caustic soda (and hydrogen) arc produced in the cathode com- 
partuient. Great difliculty has been experienced in constructing 
a diaphragm capable of resisting the action of the alkaline 
solution, and yet pos.sessing low electrical resistance. Cennuit 
made up with a salt solution and hydrochloric acid, from which, 
after setting, the salt is extracted with water, is said to make 



the most efficient diaphragms. In the Hargreaves- Dird process 
a mixture of asbestos, sodium silicate solution, and Portland 
cement is worked into a sort of felt, which is then further 
soaked in sodium silicate solution. In this process sodium 
carbonate, anti not caustic soda, is the end product. No 
liquid is put into the cathode compartment, but the cathode, 
consisting of copper gauzfe, is placed close to the diaphragm, 
and steam and GO., blown in, whereby a solution of sodium 
carbonate is obtained, hydrogen being also given off. The 
Hargi.’eaves-Bird process has been worked on a large scale 
and is likely to prove a commercial success. * i 

In a second type of process no porous partition is employed, 
^he separation of the caustic liquqr from the salt solution being 
effected by taking advantage of the difference in their specific 
*, gravities. Here the anode, A (Fig. 14), is placed in the stone- 
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ware cell, B, which dips into the liquid in the electroi} tic cell, 
the cathodes, C, 0, which are mad(; of iroii wire nettinij:, beiin; 
placed outside the bell. Strong sodium chloride .soluuioii is 
continuously supplied to the cathode through the pipe, 1), and, 
as a consequence, the caustic soda around the cathodes is pre- 
vented fi^ni passing into the hell and re-combining with the 
chlorine, which is drawn olT through E by means of a slight 
suction, the alkaline liquor being continuously drawn oil by 
th(' ovortlow arrangement, F. It always contains a certain 
anumnt of unaltered chloride, bub may be freed from almost 
the whole of this by evaporation to a small l)ulk, when tlie 
chloride crystallises out, being lU'arly insolubh; in concauitrated 
solutions of caustic soda. Tho.sysi«un illustrated has not proved 
to be a financial success in this country, but the principle is 
plain and is being applied in other directions with some modifi- 
cation of detail. 

Tlic processes in wljieii the metallic sodium, lilxTati'd by the 
electrolysis of brim*, is tlissolved in mercury as fast as it is 
formed, and the amalgam produced then exposed to the action 



of wator, constitute a third variety of the electrolytic method. 
The Castiicr-Kellner is the only one of these whieli has ])rov(‘d 
successful. Here the cell is dividisl into two parts by a stone- 
ware (iion-porous) partition, P (Fig. lb), which reaclie.s almost 
to the bottom of the c(dl, a metal cap Ixdng placed at its lower 
end. The lloor of tlie cell is covered with a layer of mercury, 
M, which amalgamates with the metal cap of the partition, and 
thus prevents the liquids in tin; two compartments from mixing. 
Concentrated brine is placed in the anode cell, B, from whicli 
chlorine escapes by the pipe, C, whilst water is contaiii«d in 
th-i catho?le com])artment., A. The mercury in B, acting as an 
intermediate electrode, becomes charged with sodium, and the 
amalgam is then immediateiy transferred to A, where the^ 
s(^dium is oxidised to caustic soda, with evolution df the 
corresponding amount of hydrogen at the cathode. The 
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tranaterencft of the* amal.ijam from one. coni{)artment to thi 
other is etlectecl citRer, as shown in the figure, by slightly 
inclining the cell from I> to A — the mercury being returned 
to B by means of a punip--or else by supporting one end of 
the cell on a knife-edge and the other on an eccentric, by 
means of which an up-and down motion is giv(‘n Uf the cell, 
Avhich caus(is tin’: nuTcury to flow backwards and forwards. 
In the last cas(! the cell used is much shallower than that 
shown in Kig. 14. 

On account of the fact that sodium amalgam reacts with 
water .sv:, the (|uantity of sodium present in the amalgam 
is slightly smaller than that corresponding with the chlorine 
lilx'rated at the anode, or th<^ hydrogen liberated at the 
cathode. Now, in the cathode compartnient of tln^ ceil (that 
shown on the right-hand side of the ngure), the sodi\im 
amalgam there present is fuKilling the function of an anode. 
As stated above, it does not contain ([uit<; <!nough sodium to 
correspond with the hydrogen liberated at the catliode })roper ; 
conse(juentl V, the. ('quivahnit of this (;xcess of hydrogen tends 
to appear as oxygen at the surface of the mercury. The, result 
is that the mercury becomes slightly oxidised, and does not 
flow freely from cathode to anode compartment, and does not 
readily absorb sodium. To avoid this inconvenience, and to keep 
the mercury ch-an ami mobile, a secondary cathodi*. is ins(‘rted 
in the mercury itself, .so tliat a small fr.action of the current is 
thus shunted, and a smaller (juantity of hydrogen than strictly 
corresponds witii the quantity of chlorine is evolved at the 
surface of the main cathode ; lienee, a correspondingly smaller 
oxidising action takes place at the surhice of the mercury, and 
no oxygen over and above that necessary for oxidising the 
Bodiuin is supplied. As a result, tlie mercury remains clean. 
As the device, though usual enough, may not he clear at a 
glance, the principle may be stated in anotlier way : — If all 
the jiroducts of the cell wlien once formed were imuT, there 
would he no necessity for any addition to the usual electrodes ; 
but as one of tliem, the sodium, tends to dissolve per 6V, irre- 
spective of electrolytic action, the balance of anode and cathode 
products is destroyed, and seeing tliat the current in passing 
must liberate an equivalent quantity of anode and cathode 
products, the appearance of some anion equivalent to the 
sodium dissolving per se is inevitable. Because the electro- 
lysis takes place in water (in tlie cathode compartment) this 
anie^i is oxygen. It can most readily be suppressed bv 
diverting that part of the current which would libt'rate i^ if 
allowed to follow its normal course, or, alternatively, by pro- 
viding it with some substance with which it will unite ratlier 
•than <with mercury— viz , hydrogen. Clearly, adopting eitli^r 
method of thought, the proper way to suppress this oxygen is 
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to make the mercury rather more cathodic^ tliaii it would he if 
no secondary electrode were emjdoyed. 

The electrolytic production of alkali and chlorine is inakint^ 
rapid lieadway on the Continent and in Ajuerica. In this 
country its progress is slower, hut, m^vertheless, two ini })oi taut 
works, usflig n spectively the Hargreaves- l‘>ird process and the 
Castner- Kellner process, are in operation. The conditions 
necessary for successful work are cheapness of power and 
cheapness of raw material (hrine). The lathr condition is 
fiilfilh'd here, hut until lately powm* was rather costly because, 
in the al»senc(* of waterfalls, it was necessary to u.se steam. 
In modern practice gas engim's are used, and an economv 
approaching that of water-jiower can be attained. 

The (.lirect production of chlorates by electrolysis hecomes 
piissihle if tin* electrolyte he hot and tlie clilorine and alkali 
allowed to commingle. The method of suppres.Hing hydrogon 
with copper o.\'ide is here conv('nient, as the use of a diajdiragin 
may be tluni dispensed with and intermixtun^ facilitated, 'i'lie 
reaction takes place on tin* following lines; — 

(5KC1 + :1H,0 ri KCIO, -I- r>KCl .IH,. 

The advantage of this method is that a clnaip potassium (or 
sodium) salt (the chloride) can bo directly converted into chlor- 
at('. The addition of calcium Iiydroxidc; or alkali carljonate, 
and of a little alkali chromate, is said to be advantag(!ou.s. 

Hy]iochlorites ar(‘ obtainerl in the same w'ay, the lirjuid being 
cooled during the electrolysis instead of lieated, Tho tdectro- 
lytic production of chlorates and hypochlorites Jias prov(‘d so 
successful that tlie older chemical processes are scarcely able to 
maintain their ground. 

. REVIEW OF THE PROCESS OF ALKALI MANU- 
FACTURE. — Tlje keen comf)etition ]>etween makers of alkali 
by th(' L(d)!anc and the aitimonia soda jirocess lends s|ieeial 
interest to the consideration of the chemical reasons for their 
relative succe.ss. In both cases N.aCl, tin; only practicable 
source of soda, has to he conv«!rfed into Na„(vOjj, a process 
involving the absorption of energy, some idea, of the amount 
of which may lx; gathered from our knowledge that the 
quantity of energy in terin.s of heat which would lx* required 
to produce Na^,CO,, from NaCl by die simplest conceivable 
process, expressed by the equation — 

2NaCl + 0 -f- CO. = NaaCO, + Cb 

» 

is ]^T) cal«. The only known nn^tliod of doing this amount 
of chemical wArk directly, is by the n.sc of electrical energy. 
The/electrolytic method is still in its infancy, and although it 
seoins probable that it will eventually supplant the older purely 
chemical processes, the great bulk of alkali made is still pro- 



<)2 ItfANUFACTURE OF ALKai.i js-rilODUCT8. 

(luced by these latter, in which the re<juisite energy is supplied 
in stages. The energy ehange.s of these stage.s may l)e briefly 
consi<iere(l. 

In tl)(i Leblanc process, tlie formation of salt-cake is an 
exothermic reaction, the ‘-nergy for whicli is (leriv('(l from the 
sulphuric acid (itself cf)ntaining tlie energy duti to !he forma- 
tion of the dilute acid from suljdiur (or pyrites), oxygen, 
and st(;am or water, as well as tlie (unirgy dindved from the 
suhsetjumit concentration, both in the fil lover towan* and else- 
wh(.‘re). In tin; black ash furnace the <‘nergy absorbed in th(‘. 
reduction of Na.,SO^ to ]Sii.,S is furnished by the fuel. There is 
but little energy involved in tln^ doubh; d(;c()mposition between 
OafJO.j ami Na.,S. Thus, in tin; Leblanc procu'ss the chemical 
energy of tln^ sulphur has Ixmn utilised in tlie process, and 
restored in the 'bhn-k ash furnace, for the sulphur can be 
recovered from calcium .sulphide without the expeiuliture of 
any considerable quantity of fresh energy. 

In tlie ammonia soda ))rocess the main nsaction, involving the 
conversion of so<]ium clilorkhi into sodium bicarbonate, does not 
re({uire the ajiplication of external energy, but the conversion of 
sodium hicarhonabe into .sodium carbonate — that is, the same 
end-jiroduct as in the Leblanc process — requires the application 
of <‘n(!rgy in tlie form of heat. The only other cause of the 
expenditure of energy occurs in the lilieration of ammoiua from 
ammonium eldoride, which is brought about by the action of 
liimi prepared by tlie dis.sociation of Cka('CL into CaO and C0„, 
tlie energy having its origin in the consumption of fuel. Tlie 
fact that the! produced during the burning of the limestone 
is necessary in the process, contributes to economy of energy, as 
well as of material. 

It will be clear from tins, that the expenditure of energy, in 
the form of fuel, is considoraldy loss than that needed for the 
la'blanc process. The. balance against the Leblanc process is, 
liowt'vcr, not all waste, as a jiortiou aitpears in the form of tlie 
chemical energy of 1101, whenvis calcium chloride is the corre- 
sponding product in tlie ammonia-soda process; the diHVrence in 
the cliemical energy of these two compounds Is well illustrated 
))y the relative ea.se with wliieli chlorine can be obtained from 
them. It is this difference which in the past enabled the 
Leblanc process to retaifli its footing, in .s[>ite of the cheaper 
production of alkali by the ammonia-soda process. Tlie im- 
provement of such methods as the Weldon-Pecliiney for the 
treiitmciit of the residual chloride of tlie ammonia-soda process, 
ttMids to nullity this advantage. Before the successful recovery 
of sulphur (Chance process) \vas practised, the LMdanc process 
was at a still greate'* (li.sad vantage, for at that time energy ''/as 
«xpertded nearly sullicient to recover the sulphur, wliich wus 
nevertheless thrown to waste as calcium sulphide. Attention 
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alreiidy bneii call(*(l (p. 0-) to tlie grt-uter oasr- wfth which 
caustic soda is produced from Leblanc soTla ash tliau from aiu- 
raouia soda. The reason why caustic .soda and bleach arc best 
prepared bv the Leblanc method, and pure soda asii l>y tlie 
ammonia-soda [)rocess. will be eviti<‘rit Iroin contemphititjn of 
the abov# .considerations. At pres(‘nt. liowiivei-, more than 
SO per cent, of tlu' alhali ma<le on the (/'ontimuit by purely 
cliemical nu'thods is produc<Ml by the ammonia-soda process, 
whilst even in this country tin* Lebl.anc process juoduecs c<m- 
siderably less than lialf of th(‘ total alkali made, Tlu^ increasing 
use. of eh'ctrolytic methods i.s tiuiding to restore the bnlaiu'c. 
Hydrochloric acid is not produced eitlu'r by tlie ammonia-soda 
process or by the ordinary elect roly tic* miubods, ami it has uses 
of its own (piite apart I'rom its employment a.s a .source of 
ciiloririe. d'lu' necessity for mannfaeturing the acid is so real 
tliat already processes liave l>een devised for cmnbining a part 
of the hydrogen and (dilorine produced hy the customary <’le<’tr<i- 
lytio methods, in order to obtain hydrochloric ;u'id ; there is a 
wa.ste of oiuu'gy in .sui'h a process. })ut iiulustrial succi's.s is not 
always ruled by ('iiergy considerations. 
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CHAPTER HI. 

DESTRUCTIVE DISTILLATION. 

Goueral Principles. — The term destructive^ distillation is 
applieel to the* proce^ss of heating a complex substance te.» its 
point of decomposition. This is generally accomplished by ]H‘r- 
iorming the e>peration in a closed retort, a.s in cejal-gas manutac- 
ture, but may he elfected by the lirniteel combustion of the siil)- 
stance to be^ distilled, so that the lieat generated destructively 
distils the remainder, as in charce)al burning and the manufac- 
ture of blast-furnace coke. The edass of substance^s usually 
treateel are^ such carbon compounds as are split up at a high 
tejuperature with tin* e'volutiem of gase'ous and liejuid prexlueas, 
a lesidue relatively richer in carbon being left — a change which 
is indicated by the term “carbonisation.” Such bodies are coal, 
shale, and wood. 

Jt will bo understood that the e.ssential difference botweeji the 
process of (lestructivu' distillation and that of ordinary distillation 
(such as that of alcohol), consists in the fact that the substances 
collected in the rec(‘iv(*r in the forimu* opcu’ation do not pre-exist 
in the retort — they an* pro(/ii,Hs of the process, not (’dvefa. 

The nature of the products obtained is dep(*ndent on tem- 
perature, and, in a minor degree, on pressure. K, J. JMills 
has drawn attention to the fact that at higl) temperatures 
aromatic hydrocarbons — ejj., thos(^ of tln^ b(?nz('n(* and homo- 
logous series — predominate in the li(|uid products, while at 
low temperatures hydrocarbons of the tatty or paniHin series 
are jire.sent in greater amount. To the kind of change caused 
by destructive distillation, the same author apjdies the term 
“cumulative resolution,” by which he means the polymerisa- 
tion of the substance distilled in conjunction with the removal 
of water from it; thus cellulose, (the typical con- 

stituent of wood), may hp viewed as sutVering decomposition by 
the following ste[>s ; — 

- 11,0 = C,Hs()4. 

= tidbit).,. 

CgHeOs - 

OeH.O., - IbjO = V,U.A). 

CgHat) — ll‘j0 = t ,5. 

He considers that the organic matter in coal and shale contXinsj 
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C}#boii Nvhich may be represented as existing in groups of so 
that its ultimate composition, as far as thetarboii is concerned, 
is expressed by nC^. This group, he states, can be traced in tin' 
products of destructive distillation. It lias to be noted, Iiowt ver, 
that it lias been shown liy Ramsay that pure cellulose yields 
acetic acid^aiul methyl alcohol among its products of destructive 
distillation, and that their formation can scarcely be cxplaiiieil 
by the example of cumulative resolution given al)ove. Tlie 
whole question in its theori'tical bearings is comjdicated by tin* 
fact that the suhstances which it is customary to distil destruc- 
tively are mixtures, and that numerous iiitcirdependent n’aclions 
no doubt ba))pen. ddius, in the destruetive distillation ot wooil, 
an exotlu rinic change occurs at one point of tin' reaction, while 
with pure cellulose no such ellect has been observed. A change 
o1 this kind may be attributed to the oxidation of a portion 
of the hydrogen or carbon of tlie material distilled, at the 
expense of another portion richer in oxygen, the reaction 
being induced by the attainment of a particular tempmat ure. 
Whatever be the precise mechanism of the changes involve(i in 
destructive! distillation, the j>roducts usually include hydroutui, 
wat.('r, carbon monoxide and carbon <lioxide; gaseous, lirpiid and 
solid hvnirocarbons of several series and their oxygen derivat i vrs ; 
ammonia, organic bases, and cyanides (if the substanci! contain 
niti’ogmi); and sulphuretted hydrogen, carbon l)isnlphi(le, si)l|dio- 
cyanides, and bodies of which tliiopben is a type! (should suljdinr 
b(‘ present). It is to be noted that the oxygen deri\ati\es 
generrdly precede hydrocarbons in tlie order of distillation. 
The characteri.stic product.s for thosf! clas.ses of substances which 
are di-stru(!tively distilled on an industrial scale, and the con- 
ditions governing their formation, will b(! di^alt witli nmler 
S('])arate headings. It sutlices to state hen* tliat when wood, 
brown coal, and bituminous shah' are distilled, tlie products 
arc childly of the parallin series, and that when coal is distilleil 
tliey arc mainly aromatic. 


I. DESTRUCTIVE DISTILLATION OF COAL. 

Kinds of Coal.- d hi* various kinds of cital have heenab cady 
classified in Vol. I,, and repetition is unneces.sary. The class 
of coal used for destructive distillaiion is known, according to 
Griiner’s classification, as .“caking coal burning with a Imig 
fl line." 'flit* average composit ion ranges from carbon 80 to 00 nor 
•cent., hydrogen i-d to 0 per cent., oxygen 5 to 13 per cent., aiifl 
nitntgen 1 fo ‘J-5 per cent. These numbers are calculated on the 
coal free from ash, whicli averages 5 per cent. Coals of this char- 
acteijf are hard, tough, dark, and lustrous, and have a spi^'itic 
granty of 1'25 to 1*35. Various English gas coals exliihit con- 
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siderable deviations from these values, and could hardly be class 3 d 
under Gruner’s system, The following may bo quoted : — 



Sp. (Jr. 

c. 

H. 

s. 

N. 

0. 

Ash. 


Newcastle 









gas coal, . 
South York 

1 -‘JIM -.-i:! 

so-2-s*-:t 

4 -Go -.'I 

OHl-.-J 

0-9- 1-7 

4-3-9-2 

i-4-r)G 

1 1-1*7 

silkstone, 

1*26 

80-3-82-0 

5’0-5‘7 

1-2-l-G 

r7-i-9 

r)-2-7-2 

2-8 8-8 0-9-l-.3j 

lier by shire 
silkstone, 
barn s 1 ey 


7r)-7-70-0 

.‘j'Oris 

2 -8-2 4 i 

1 

rG-i-7 

5 -6-7 ’8 

8-0-4 -4 

8-0-8 -9 

gas coal, . 


7r>-C-76-6 

4-8 5-0 

I •.8-2-8 1 

l-G-1-7 

G’9-7-5 

.8-9-4 -G 

0-8-8 -5 

Cannel, 


G9 0 

8*8 

1-8 ^ 

1-9 

8-9 

10-1 



The mere analysis of a coal does not sutiice to determine its 
value for gas making, and it is, therefore, customary in ga,s works 
to put a small quantity through the whole proces.s of distillation, 
in an apparatus similar to that used on the large scale, when 
l)oth the quantity and quality of the gas and coke are determined. 
The yield and quality of both arc dealt with in two subsequent 
sections. Oannel yields a gas of higher illuminating power than 
does gas coal, and it is used for enriching coal gas obtained from 
the latter. 

It should be added, however, that Deville has shown that 
there is a certain connection between the composition of gas 
coals and the nature and (luality of the products of their destruc- 
tive distillation. The following table exhibits the composition 
of ty])ical gas-making coals, calculated for the pure coal substance, 
free from ash and water : — 




11. 

UI. 

IV. 

V. 

Carbon, 

88 *.88 

86-97 

85-89 

83-37 

Sl-GG 

Hydrogen, . 

5-OG 

r»-37 

5-40 1 

5-5.8 

oG4 

Oxygen, 

.’)-.')G j 

G-GG 

7-71 1 

10 - 11 ) ' 

11-70 

Nitrogen,* . 

1-00 

1 

1-00 ! 

1-00 1 

1 -00 

i-oo 


Of these coals, that represented in column III. lias the com- 
position typical of the best gas coal ; it yields a large quantity 
of gas and coke of good quality. Coals I. and II. give much 
coke, but poor gas. Coals IV. and V. give gas of high illumi- 
nating power, but a small quantity of coke, and that of poor 
quality. The yield of coke decreases with the increase of oxygen 
in the coal, whereas the quantity of tar and liquor inerj^ases. 

* Assumed value. 
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t The amount of aromatic liydrocarbons in tli^ products appears 
to be independent of the content of tlie coal in oxyi^en, sulphur, 
and ash. 

(A.) CARBONISING IN RETORTS FOR GAS PRO- 

DtrCTION* — I'he system essentially consists in heating the 
coal in a fireclay retort of elliptical or of O section, set in a 
furnace lieated by ])ro(lucer gas. Formerly a furnace burning 
solid fuel — part of the gas coke — was used, but greater economy 
is ohiained by using the coke in a producer, 10 to 15 per cent. 



P, Producer; \\ , water pan; C, primary air channel; T, secondary air 
cliaiinel ; 1% J*, exit fiuea ; LJ, chimney; A, A, A, A, combustion 
channels. 

of coke, reckoned on the weight of coal carbonised, sufficing, 
instead of 25 to 40 i)er cent. TJio tomperijture of carljonisation 
is also higher ; tliis, liowever, contributes to the production of a 
less valuable tar, which bciiig, moreover, more viscid, causes 
obstructions more readily. For the use of coke in a producer, 
\ ol, 1. A section ul a tyjucal retort of modern design* 

15 shown above. Its average dimemsions are 9 to 10 feet long, 

16 to 22 inehes wide, 13 to 10 inches in lieight, and the walls 
have aj^ickness of 3 inches in the»midil]e and 4 indies at tli^ 
inonth.^ It is closed by a cast-iron mouthpiece projecting about 

ffl6 inches from the furnace (Fig. 16), bolted on to the thick fire- 
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clay end, and provided with an “ascension pipe,” 6 to 7 inches in 
diameter, and with a cast-iron door fitting on a bedplate, made air- 
tight by a lever hinge. Nowadays, retorts of double this length, 
with two mouths (“through retorts”), each with its ajipropriate 
titting.s, are used, and are charged from each end. J'he mode of 
setting is shown in the illustration, Tn the case of the through 
retorts, .si'parate furnaces and flues are used for each half 

Th(‘ method of heating is as follows An ordinary producer, P 
(Fig. 10), fed with the, coke as it is drawn from the retorts {v.i.), 
is built clo.se to the bench of retorts, the di.stance being tlie least 
possible* to ]»r((vent lo.ss of heat from tiie producer gas in passing 



Fiu;. l7. — Sotting for gas rotorts. 


A, A, Section through retorts ; B, B, section through regenerator channeU. 

to the spac(^ surrounding the retorts. A primary sujiply of air 
is drawn over a pan of water, W, placed beneatli the liredjar.s of 
tlie producer, but separated from these by a plate. It then 
jip.sses through a firebrick channel, C, heated by contat^ with 
the flues conveying the products of combustion from the chamber 
containing the retorts, and is thereby heated to about 500° C. 
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«932* F. ; from thi^ channel it enters the ^producer, wliere it 
forms gas of th<^ cumjiosition- -CO 20't), 11 lo’O, CD., 

N 55'8. This ga.s at the (('inperalun.* uf 1,1^0 = 2,102 

])asses up tin* channel, S, where it. mixes with tin; ‘‘ secondary ” 
air (w'hicli is at a tern pera.t lire of 1,000'' C, - 1, 802^ F.), drawn 

in through tins chanm*l, 'T, heated hv the exit gases passing 
through tie* neighbouring lines, h’, F. In contact with this 
.secoml .supplv of air tlie CD and li burn to 00., and 11., C. and 
file llame plays round the retorts thnnigh tin- eliannels, A, A. 
A, A. the exit ga.'.<‘s going to the ehimm'V, U, by way ot the 
llufs, F, the walls of whieli an* used for heating the secondary 
air .supply, at a temperature ol 1, 100' ( '. 2,hh2' lb A cross 

seetion tiirough both I'etorisaiid rogi-iierator is shown in h'lg. 17, 
tlm toniier luMiig represented at A. whilst tin* lattei* i.s shown at 11. 

Charging and Drawing. 'I'liis is still geiu'ially (hme by hand, 
2 to ,‘1 cwls, of ei>al being inirodui’ed int(» the retort by a h'ng 
scoop, wliu'h takes about tbity set onds. Alter the distillation 
tin* coke is drawn iiy long iron i.skis, and, when* tlie gaseous 
system ot heating is in use, a portion talks direelly into the pro* 
dueor, and tin* rest is fjuenehed, while the retort is immediali’ly 
recharged. .Mechanical ehtuging ami dniwing are, however, 
largely used. Ki'torts set at an angle ot 29“ to 20' es])eei<a]]y 
lend ilienr;elves to m(‘e)uinie;d charging and drawing. In West's 
system the coal is ehaiged troni a Irolh'y run into the upjx r (*mj 
of the retort. I'lic loal must be jtrevenied ireni reacliing llio 
lid at the lower end; lids is done by inserting it stay, usually 
a tlat iron bar lastened (f> the tnouthjdeee. ])iscliarging is 
eifected by an automatic scoop, the slope uf the retorts lucilitat- 
ing both eliargiiig and ilrawing. With this tyja* it has be(*n 
found economical to have one ((mtral charging stage in the 
middle of the retort-hotise, from which two sets ol ri'torts .slopt 
down, the discharging stages lieing clo.se to the walls. 

The Process of Distillation. -The <juantity and ijuality of 
volatile products obtained, and the time occujiied by the distillar 
tion, are largely dt'pendent ujam teirifierature. This generally 
ranges from hlG" C. to 980“ C. ^ 1,111“ to 1,79(7’ F., and (‘ven to 
2,060“ F, — 1,093'^ C,, in a six-iiour eliarge. 'I'ho quantity of 
gas varies from lO.OOO to 12,000 cubic teet per ton. The in- 
fluence (jf temperature upon the (|uantities of ga.s and tar pro- 
duced is generally seen in the larger voTumo of gas evolved at 
higli temperature.s, and the smalliu' amount of tar. The following 
table exiiiliits the yield of coke obtained from the coals mentioned 
«n p. 57 ; it varies but slightly with the temperature : — 


Nowcastk' ga.s coal. 

South Yorkslnrc .silk.stonc, 
Derbyshire silkstone, 
Barn.sley gas coal, . 
Catiuel. ... 


l'ori;ent.'ice Cuko. 
ill 
<:<; 

(J4 

(D 

50 
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Besides the carbon left as coke, there is a portion, constituting, ^ 
however, but an insignificant fraction of the whole, left as a 
dense coherent coating (retort scurf, retort carbon, or , gas 
carbon) on the' interior of tlie retorts. This is produced by the 
decomposition of a part of the gaseous hydrocarbons evolved 
from the coal, and is useful as rendering the retort impervious 
to the gas, even though it crack, and harmful as reducing 
the capacity of the retort and hindering the access of heat to 
the coal from without. Retort carbon is used for electrical 
purposes. Chemically, a disadvantage accrues from this decom- 
position (“cracking,” see Petroleum, Vol. II,, Chap. V.) of 
illuminating hydrocarbons to a point at which they deposit 
carbon-— a decomposition which should be delayed until the 
hydrocarbons are burnt in an illuminating flame ; per contra, 
heavy hydrocarbons that would otherwise condense in the tar 
are cracked with the formation of less condensible gaseous 
illuminants. As an examjdc of this disadvantageous cracking, 
the following figures, which show the percentage of hydrocarbons 
and of hydrogen in the gas at diffenmt periods of the distillation, 
may be (piot('(l : - 


Larso of Time afUT 

IlydUH-Hriioiis. 

Uydruji'eii. 

10 niiimU's, 

CfS iicr cent. 

per cent. 

l.l-, ilOUlH, 

50 ,, 1 

:i(i 

Its 

52 

a-i M 

24 

07 


Experiments on a large scale have been made on the ell'ect of 
the addition of slaked lime to the coal before its introduction 
into the retort; the amount added is 2-5 per cent.; it is claimed 
that the yield of gas is thereby increased to the extent of 5 per 
cent., but it is of 5 per cent, smaller illuminating power. For 
making illuminating gas this process is not now used. The chief 
object of liming the coal is to increase the yield of ammonia, an 
increase of 20 to 50 per cent, often being observed. That there 
is a largo margin for improvement in this respect is shown by 
the following table giving the proportion of nitrogen usually 


appearing as ammonia and in other forms : — 

Pec cent, of Total 
Nitcoc'cti. 

Evolved ns aninioniiiL, 

UnO 

,, cyanogen, 

,, unconihined nitrogen, • , 

1 ■.'>6 

. 3o-26 

Remaining in coke, 

. 4S-08 

^ 100 ( Kjl' 


The introduction of steam iijito the retorts also increasts the 
amount of ammonia evolved, but at the expense of the quality 
of the gas. 
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In spite of tiu? multiplicity of tlie substjyices obtained duriii;,^ 
the ]trucoss of destruelive distillation, a.s already enumerated, 
they are commercially divisible into gas, tar (together with 
amniojiiacal li(pior), and cok(‘. It f»>llows from tlie genm-al 
siatement^whioh have been made in iiie introductory seetion, 
that tliPse j)r()ducts represent stages characterised by an incriMse 
in the content of carbon. Thus tht* gas contains as typical con- 
stituents, hydrogen and hydrocarbons of the j)aranin siu'ies ; t in' 
tar is characterised by hydrocarbons of the benzene arul still 
further condens<'d seri(‘H ; whih^ the coke approximates in com- 
position to carbon fret? from hydrogen. Their formation is, 
how(‘ver, not succt^ssive but simultaneous, so that arrangements 
are n(?ct!ssary for s(‘parating tliem as they an* produced. At the 
same time it is noces.sary to reiuovi? fi’oni tin? gas various con- 
stituents which would Ik? objectionabh* in its u.se for lighting and 
heating. 1‘oth objects are attained by plant whose arrangennint 
is typilicd in Fig. 18, and which will bo described befon* con- 
sidering the products themselves in detail. 

Plant. — 'rin* volatile j)rodiicts are drawn from the retorts. A, 
by the exhausters, l> (.see below), tlirough the ascension pipe.s, 
0, and the water contained in the hydraulic main, I), which is 
common to all the retort.s, and who.se function is to remove the less 
volatile portions of i,hc tar arul any solid matter, .such as already 
condensed naphtlialene and .solid carlxuiaeeous material carr ied 
over meclianically. A further use? of this main is to .serve as an 
hydraulic seal for the dip pi[)es, F, as the downward portions 
of the ascen.sion pipes are t(?rmed ; these are immersed to the 
depth of 1 to 1;^ inches. This seal prevents the gas iinding its 
way back into tlie I’etort when the latt<?r is op(.?ned for eliarging. 
The pi'oducts condensed in the hydraulic? main are convcyc-d 
away hy a pipe called the foul main (leading from the (?n(] of 
the hydraulic main), and an? ti’eat(?d together' with tin? r'(?st of 
the, tar. Another pipe, F, at the upjK'r part of the iiydranlic 
main conveys the gas to tin? ct)nd(‘ns(?r, whicli may be an air 
condenser, (i, consisting in older plants of a .serie.s of v(?rtical 
cast-iron pipes connected by fl shap(?(l luowls at the top, arifl .set 
into a horizontal box with jtartitions between each adjacf?nt 
pair, so that the liquid pi’oducts ar-e collected and the ga,s(?<»us 
are free to pass thi’oughout the system.^ Thus ari’angement has 
the objection that tire air warmed by contact with the lower- 
part of each pipe rises, and by displacing the cold air hinders 
condensation : in modern practice this is met by arranging the 
pipes horizontally (see Fig. 18). Water-cooled conden.ser.s dilTer 
b’onf the alto ve^in that the gas pas.ses up a tower containing ;i 
number of vertical iron pipes through which water circulates in 
a dijfcction contrary to that of llie gas. In most English work.‘ 
the air condensci-s are still preferred, 
fn English practice the exhauster (Hoale’s rotatory exhauster, 1> 
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is a drum in vvliicli a second drum revolves, set eccentrically to 
the outer drum, and carrviu" a slide traversinij tlm imu'r surlact' 
of tlio outer drum, thus pulliiif^ tiie gas from tin; reiorts and 
pushing it to the succeeding portions of the plant, and is plactid 
directly a^ter tin' condensers. Other systems {e.g., the Korting) 
'which arc much used on the (Continent involve coiita(;t with 
water in the exhaust(M\s ; these are, th(*reforc, placed after the 
serul)])er in order tliat tin' valuahlr ammonia may not ho 
ahs(»rhed hy t lie \vat(*r they <*on(ain. 

Tlif' send )})(']•, or wasluu', ii, is designed to extract the 
aiiiiiionia from the gas ; at lli(‘ saim^ tiling it, remov(!S a p<irtion of 
the (U)o, HoS, hydroeyanic and tliiocyanic acids, in its oKh r lorm 
it (‘(uisisis of towfu’s fdled \\ ilh wooden che<jUer-work or I'.icked 
with coko, or provided willi prrfoi'ated horizontal plates, ovt^r 
which wat(U’ is sprayed by adist rihutor iit iIk? top.* 'I'lie gas 
ascends and is wa^he(i hy tin* dcsc('ndiiig water. 1’he clogging 
of l1i(‘ towers and tlie formation of (duinticls .among tlie paeking 
tlu'reof cause a loss of (^Hiei(mcv, so that other forms (such as 
tliat show'M in tlie figure) are used, in whicli water is continually 
agitated with the gas in a cylinder hy means of parallel metal 
discs attatdied to an axial sliaft, which la.'volves at thti .surlace of 
th(^ water, so that onedialf of ciach plate is coutinmillv <'X|)osing 
a freshly wetted surfaci; to the gas. All metliods of washing 
aliould be systematic - i.c., tin* water should travel through tlie 
waslu'rs iu a direction the reverse of that of the gas. 

Much of the IfCN, IISON, ami (JO., still remains 

in th(^ washed gas, ami has tt) be removed hy passage through 
the purifiers, K. i'wo purifying materials are in eommon 
u.se — namely, slaked lime and hyilrated ferric oxide. Neither 
of tlusse is perfectly ellicient alone nor capable of coinphitelv 
rc'moving ; Ivut this latter object can be «‘frected by lime 
u hich lias been partially saturated with and thus converted 
into calcium hydrosulpiiides ((Ja(SfI)(On) and (Ja(SH).^). 

The hydrateil ferric oxJdt^ removes U„S thus — 

(1) FcAt . HjO -+ = FcjSj, + 411/). 

(2j Fc/ia . H 2 O + .SHgS = ‘JFe.S + S + 4HjO. 

Tin* first i.s the chief reaction. The advantage of the hydrated 
ferric oxide over lime, winch would also reutove H..S, is that the 
mixture of Fed. and Fc8 can be taken out of the purifier and 
exposed to the air wheniby it is “revivified” in accordance with 
the iollowing equations, in which the water i.s not expressed; — 

(1) 4- 0.5 ;;;; f e 2 (),'i H- S 3 . 

(2) FeS -]-{>=: Fe(3 S. • 

The FeO becomes converted into Fe 203 upon further exposure. 

*ln lar^e works the gas is generally “roughed” in .some such washer as 
th j Livesey, which consists of a taU^ with baffle plates to divide up the ga#, 
and is finishtal in tower .scrubbers. The wasiicr-.scrubbers described above 
are suinetiines used alone. 
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The oxide can be used repeatedly until it is “ spent ” — i.e., until 
it contains so much sulphur (50 per cent.) and other impurities 
as to be inoperative. The reAivification can be effected sinnil- 
taneously with the purilication, and the labour of removal from 
tlie purilier avoided, by the admission of 2 per cent, ^f air into 
the j^as before it cmters the purifiers; this, however, is objection- 
able as introducing the diluent nitrogen; Valon’s process sub- 
Btitutes oxygen (0-5 per cent.) for the air. 

The spent oxide is valued in this country for its sulpliur, 
which is recovered by burning it in the maimer of pyrites 
“smalls” (see Sulphuric acid, Vol. It., 5). As the hydrated 
ferric oxide also removes lltlN and HSCN it is, when s[)ent, 
valued chiefly on the Continent for the Prussian blue and sulplio- 
cyanides which it is capable of yielding {see Cyanide, Vol. 11., 
Chap. XVIII.). 

Tlie lime also removes the CO 2 , together with a portion of tlie 
HoH and the in the following manner: — 

(ia(OH).j -1- CO.. = CaCOs + H.O 
Ca(OHh -f- 21 1. .8 = Ca(Sll )2 + 

Ca(OHh + = Ca(.Sll)(011) -I- H^O 

Ch(S 1I)2 4- CS... Cal.’S,., -f- ILS 

The sulphur is not i’<‘cov('rcd from the sj)ent lime, which is 
sometimes reburnt with the elimination of most of the sulphur 
as SO.,, and of all the COj, but with the simultaneous forma- 
tion of a good deal of calcium sulphate, the accumulation of 
which soon renders fresh lime necessary. 

The best arrangement for combining the advantages of these 
three purifying mati^rials is as follows: — Each is di.sposed on 
wooden trays arrangial in tiers in an iron box, L, providt'd with a 
cover, having a water seal to allow of its ready removal. The 
gas is forced by the above-mentioned exhausters through a scries 
of these in the following order : — The first (“carbonate a csscI 
contains moist slaked lime, and chiefly removes CO^; it is 
incapable of removing much of the Ib^S, because of the decom- 
posing effect of the CO., on the calcium hydro.sulphide which 
would be formed. 'J’hc second (“oxide ve.ssel”) is filled with the 
hydrated ferric oxide, generally Irish bog ore containing about 
32 per cent, of Ee.,t)...ll.,0, finely ground and mixed with an 
equal bulk of sawdust ; this removes most of the The 

tliird (“.sulphide vessel”)* contains the slaked lime from an 
earlier purifier which has become .saturated with lIoS, and is 
rich in calcium hydro-sulphide ; this removes most of the C.S^, 
and the sulphur content of the gas is thereby lowered to a 
point such as that adopted as a standard by the MetroiaAitaii fins 
Referees. The last (“check vessel ”) contains mois't slaked lime 
(^r ferric oxide, and removes the remaining trace of whi^h 
has bef*!! expelled from the calcium hydrosulphide by the C^.^. 
i These purifiers are generally worked in pairs. 
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The use of Weldon mud (see Alkali., Vol. 11., p. 4.‘1) has been 
recently adopicd. Tlie chemistry of its action on tlie I1„S is 
similar to that of the action of Fe.,0., {v.s.), but truces <>f H.,8 
are more easily removed by it than by ferric o.vide. Weldon 
mud is ('asily revivified in sitn by the admission, togetinu' with 
the coaf^nis, of a volume of air appropriate to tln^ perc<'ntage of 
If.jS to be i-emoved ; about 1 per cent, of the volume of the j^as 
is g(*nerally sutiioient, if the vessel be periodically blown through 
w'ith pure air. 

The gas issuing from the purifiers is im'-asunal by passing 
through tin? .station metre, IMjand is collected in tin* gasholdtT, N. 
The pres.sure of the gasholder is usually suflicient to elfect tlie 
distribution of the gas through tin? mains iinle.ss the (!oiisumer3 
be at considerable distances, when additional pumps on the prin- 
ciph' of the Beale’s exhauster are necessary for this purpose. 


Products — Gas. -According to Mills the average yi('ld of 

the chief products for large work.s p<‘r 100 parts of coal is gas 

(specific gravity 0'4t<, 17 candle power) IG'6 per cent., ammf)niaeal 
li(]Uor lid per cent, (yielding (Nil,,).,S()j, 0-87 per c(uit.), tar 
mi per cent., coke 0(5 jier cent. 

Tin? following table gives the average composition of the gas 
bctorc and aft(*r pi '-ificanoii : — 


H, 



BO, 

Hcivv hydrocarbons 

ii.s,; . . 

Xff ; 

COa 

X 




J;y v<.i. 

47 per e»*nt. 
.‘O 


liy voi. 

T)! per c('iit. 
3(5 , , 

•'5 

4 


4 per cent. 


The constituents of tin? crude gas, w))icli at'e commonly called 
inijiurities, are generally (juote'l in terms of grains per lOD cubic 
tcet. Thus, Butterliehi ^ gives the following table as expressing 
tin? limits for Durham cod carl>oni.sed at moderately liigh tem- 
perature: — 


AmjUD’.iia, 

Carljdnic acid, 
8|^lpluireR;cd hydrogen, 
Carlton hi.sulftlfide, 

Other suljdnir conipountl.s, 
C.'vMUdgCn, 

Xcphthalene, 


() ();■> to o-i)r> 
1-2 „ l t> 

()!> ,, 15 

0020,, 0035 

005 •„ O-IO 
0 005 ,, 0015 


OrMillB fHT 10') 
cnliic feet. 

per cent. })y vol. or 200 to .SOO 
„ ,, 9.S0 ,• 1,170 

„ 570,, 950 

„ .. 28., r,{) 

•> M 8 

,, „ 50,,, H)0 


* O'as Manujnclure (Cha.s. Criftin A: Co., Ltd.). 
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below (/,. T. WrljU). Nclvciltl,' ,■< ■ I "“!i 'I'"" ^ 

nniiK'd : — ‘ at thd ternpera- 


Uiljic feet „f p,.j. 

lilumm;(tjji;r pou'cr ot (it.ual 
voJh. of gas (c.in.llo.s), . 
Jlliminiatjug power (ean<lles) 

inan ocjual weights 
coal, . . ® 

;jy<lrogeiMJI)j)ormit.' 

^^etllane (OJj^), 

^au l.oii monoxide (CO), ’ 

J eavy hydrocarbons (C' H,,.)' 
Nitrogen (N), . ' 


0,0 k ifd 

heat. 


•JO -5 


;u 

:wi 

IJ’7 

s-7 

7-(; 

JO 


Jh iaht red 
heat. 


O.OIJJ 

J7-S 


4:{\S 

iJd 
■) ’S 
d-4 


I Jirijfiit r 


leal.*- 

|J,0()(; 

Iddi 


.’C 

■tS-0 

:;()’7 

if-o 

4',-) 
J \S 


seen tliat\'iytiKM!!.r 't will l,o 

i« l>oorci' in illuhiin.-itin.r'no^J^lwicn*’ '" ‘‘''"i''■r'ltulvs 

pfo-ed, jot that the totnf i luini,...,! , “ro com- 

groatof volume of .oven olf U !a the 

sation is in (•.vcosa''of that viel.lVl ^ !''^^"'P'‘r,atm-os of carhoni. 
teinp,Tatur.,..s. 8^*8 produced .at low 

by raXmisin '’’rld.d,'' n'm ol't^iino.l 

brought u,rto thlrsu;;;.!;.', / 7’ i-v,. 

with ill later narmTanlis It il i 1 '' whicli i.s.hadt 

turn ofdistilhltioir xles t . ± " 

t!0„ n.,S, CVS,,, and ON Tl ' T impurities, 

that tho C0„ varied between if, T i'onnd 

tl.e lh,S between 8 4 and 10 6 .Ail ' *'«' ; 

0-d7 and 0-40, and the CN 01 y n ^-'r‘ 

Valuation and Utilisation of Col' Gas"' ‘' 1 '’!" ‘'’'' 1 '“" 
gas tor commercial purnoses .'enei-.Ou * valuation of 

tion of its ilJuniin.ati, .rnAvt . r. drtermina- 

tionable impurities. The ill '.1 '® of its ohjec- 

pliotoiiK'tcr, tlie standard power is measured by a 

Referees for the Sonli In'""!- ‘ proscribed by the Gas 
trnnsparent paper screen divi'd essentially of a semi- 

one of which is illuiuinate’d hv the adjacent portions, 

an Asgand lamp Te X hi burnt from 

;Vol. I. '"*'I*'"turc,, roughly equivalent to these technical phrases see 
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of American light petroleum wljich distils constantly at C. 
(113° R). The distance of both lamps* from tin' screen being 
iiXfd, the rate at which the gas is burnt is regulated until 
both halves of the screen appear ecjually bright to an observer 
placed on the side remote from the lamps. The illuminating 
value, liowever obtained, is expressed as the number of 
standard candles to which it is ecpiivalent. 'fliis vnliu' is 
roughly judged at the gas works by ascertaining what prt'ssuia' 
is nMjuiiM^l to yield a tlanu*. 7 inehos in height, from a stiindard 
jet ( jet photometer) ; this depends on the fact that the amount 
of gas issuing from a eonstant orifice, at constant pressut'e, is 
dependent upon its specilie gravity, which is roughly related to 
its illuminating power; thus, Iti-eandle gas is about sfiecilio 
grav ity 0‘3G to 0‘3H; Ift-eandle gas, 0't3 tuO‘13; 20-<‘antlle gas, 
O' lo to 0‘4G ; gas from I’oghead c.anmd (30 <‘andh'), O’Th. ddie 
lower the specilie gravity of the gas, and tin' lower its illuminat- 
ing jiower, the higher the pressure needed to give a 7-inch Dame. 

With regard to the objectionable impurities in gas, the sid- 
phur compounds an* injurious in that SO.^ is producml by their 
combustion, and some sulphuric acid is ultimately fornu'd. The 
animf)nia is objectionabh* from its tendency to form cyanogen 
and oxides of nitrogen during combustion. H.,S is tiisted fi^^' 
separately from tl. ' otlnu- sulphur com|)ounds, by (‘xposuir’" ; 
|);iper soaked in lead acetate to a stream of the gas (10 cubic'ieet 
in ail, per test) ; it shoidd lie entirely alisont, as shown by the 
iriper remaining undark(*ned. An ingenious instrument has 
bt'cn devised for obtaining a continuous record of the freedom, 
or otherwise, of the gas from II., S, and ca>nsiKts of a strip of le.id 
pafx'r c.aused to traverse a hell jar through which the gas is 
passed, the pajier heing driven hy clockwork at a known r.ate, 
and entering and leaving the jar hy mercury traps. 

Tin; ammonia is next deti'rmim'd by passing the gas tbrougli 
a glass cylinder filled with beads moistened with a solution con- 
taining a known quantity of sulphuric acid ; from the amount of 
this remaining unneutr.alised after the experiment, the quantity 
of ammonia is ealculati'd In tlie Metropolis its amount must 
iiof exceed 4 grains per 100 cubic feet. For determining tlie 
sulphur compounds, other tliari the gas is finally Imrnt in 

a llunsen luirner and the produets of combustion caused to pass 
up a tower filled with ghnss marbles.* 4'lie air in which the gas 
burns is drawn throui^h lumps of ammonium carbonate, the 
vrqjour of which fixes the SO.,, ammonium sulphite and sulpliate 
Ijeing jtroduced ; these ai-e caught hy the water of condgistion 
t^nd condensed iiy the cold glass marbles. The water is col- 
lected, and *the sulphur in it determined as barium sulphate. 
The sulphur must not exceed 17 grains per 100 cubic feet in 
summer, and 22 in winter. 

The illuminating power of coal gas doubtless de]»ends on the 



78 


DKSTIIUCTI VK DISTI LLATIOV. 


nature and quantities of its constituents, but the relation between 
the two is not yet thoroughly ascertained. 

It is customary to consider tlie constituents as falling into 
three classes : — (1) The iiluminants ; (2) the non-illurainant 
combustible gsses; (3) the diluents which contribute neither to 
the luminous nor to the heating effect. The illuminating effect is 
generally agreed to be ultimately due to the separation of solid 
carbon in the flame, though the reactions by which this is brought 
about are still under discussion. Formerly it was supi)Osed that 
the unsaturated hydrocarbons, which consist mainly of members 
of the olefine, acetylene, and benzene series, were alone concerned 
in the production of light, inasmuch as these bodies are known 
to burn with luminous flames. At the present time there is 
reason to believe that the chief saturated hydrocarbon present — 
viz., CH 4 — which by itself has a non -luminous flame, yet 
when heated to the temperature of a coal gas flame will also 
contribute to the luminosity by its decomposition, so that the 
former criterion known as “carbon density,” by which term was 
implied the ratio of carbon to hydrogen in the unsaturated hydro- 
carbons, is of doubtful value. Hydrogen and carbon monoxide 
are the chief non-illuminant combustible gases, and serve to 
raise the temperature of the flame, upon which the incandescence 
of the carbon depends. Nitrogen and carbon dioxide are the 
main diluents, and diminish the luminosity of the flame by 
absorbing heat, and by increasing the volume of the flame. 
The proximate composition of an average sample of coal gas 
(South Metropolitan) is, according to V. B. Lewes, 


Hydrogen 

Per cent. 
07*08 

♦Unsaturated hydrocarbons, 

4 *.38 

Saturated ,, 

.33*99 

Carbon monoxide, 

2()3 

„ dioxide, . 

0-79 

Nitrogen, .... 

0*90 

Oxygen, .... 

Carbon bisulphide, 

0*1.') 

0 02 


Inasmuch as the illuminating power of gas depends largely upon 
the conditions of combustion, as distinct from the com})Osition of 
the gas itself, much attention has been paid to the form of burner 
whiSi shall combine the highest illuminating eflect with the 
smallest consumption of gas. There are four types of burners 
in general use :~(1) The simple jet so arranged as to spread the 
flame in a broad thin sheet, with or without a regulating valve 
for governing pressure — e.(/., the common “ batswing and 
“fishtail,” (2) The Argand, in which a greater supply <if air i,^ 
obtained by means of a glass chimney surroundings an annular 
flame, the temperature of which is raised by the heat radiated 
frefin on».e side of the ring to the either. (3) The regenerative 
* Containing acetylene, 0*035. 
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bflrner, in which the gas is ])urnt in a ring and the products of 
combustion are caused to circulate rouin^ the air supply, and 
thus heat it; such are the Wenliam, Siomcns, and Fourners. 
{•t) The incandescence burner, such as the Welshach, in whicli 
an air-gas tlauie (v.i.) plays upon refractory material, in the 
form of a •ap or mantle, and heats it to incandescence. 

The air-gas, or Bunsen, flame is produced by allowing the gas 
to stream from a small orifice, whereby it ])roduces a lowering 
of pressure in its immediate neighbourhood, atul draws in a 
supply of air (about two and a-half times its volume), with 
which it mixes as it passes up a wide tube, burning at the 
end of this tube with a flame which is rendered non-luminous, 
partly by the diluting action of the air, and partly by the 
pr(?sence of sufficient oxygen to burn the hydrocarbons without 
the intermediate liberation of carbon. The advantag(‘s of this 
flame are that it is hotter in certain portions than a similar 
luminous flame, and that it does not deposit soot. If arrange- 
ments be made to admit more air than two and a half times 
tin; volume of the gas, the flame becomes smaller and l)urni8 
with a greenish inner cone, and is much hotter, as w(dl as 
more uniform in temperature, inasmuch as the action of excess 
of oxygen overcomes the diluting effect of the air. Such 
burners are known as “solid flame burners,’' and must bo 
jirovided with a metal gauze cap to jmevent the explosive 
mixture of gas and a'r taking fire down the tube. The action 
■of the gauze is .similar to tliat in a Davy safety -lamp, and 
depends upon the fact that if the heat of a flam(^ be ra})idly 
conducted away, the flame is extinguished. A quiescent mix- 
ture of gas and air is only explosive when tln^ quantity of 
gns lies between 5 and 30 per cent, of th(^ total volume of 
the mixture. Burners of this desci-iption are used foi- gas 
fires and cooking stoves, and the same principle is applied 
in the Kern burners u.sed in connection with incandescent 
mantles. The Welsbach mantles themselves are a mtish-like 
conical fabric, consisting of 98-88 per cent, of thorium oxide 
and 1-12 per cent, cerium oxide. Tliey are made by repeatedly 
dipping cylindrical cotton fabrics, almost free from ash, 8 inches 
long and about F5 inches in diamete.r, and open at both ends, 
in ail aqueous solution of tlie nitrates of thorium and cerium ; 
the mantles are then wrung out, placed on wooden moulds, and 
dried at a gentle heat. One end of each mantle is then sewn 
together with an asbestos* thread, a loop of asbestos being also 
made, by means of which the mantles are afterwards suppoi^ted 
on ^ cleftfc fireclay stick in the centre of the burner. After 
having been sown, the mantles are suspended from a hook, the 
cotton is burnt off by applying a flame, and the mantles sire 
“ shaped ” and hardened by heating them from within in a 
press-gas flame, so as to expand them equally in all directions. 
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During this burning the mantles contract a great deal. Th^y 
are next dipped into collodion solution, which enables them to 
bear transportation and a certain amount of handling, but which 
burns off the first time the mantle is used. As a rule, the name 
of the mantle is painted on after it has been dipped. 

Lately it has been suggested to treat the impregnated mantles 
with ammonia, so as to leave hydroxides instead of nitrates of 
the metals. Collodion has also been proposed as a basis for tin' 
mantles instead of cotton, threads being spun from a solution 
of collodion to which an alcoholic solution or emulsion of the 
nitrates has been added, in the same way as for artificial silk 
(Vol. II., Chap. XI L). The nitrocellulose in the threads is 
reduced by means of a solution of formaldehyde in benzine, or 
other solvent in which tln^ nitrates are insoluble, after which 
mantles of tlie usual shape are woven and trt,*ated as above. 

The relative illuminating power of gas burnt under different 
conditions is shown by the following table: — 



Cainllf h)\vci' 
per Ouliic Foot 
])fr Hour. 

P.ritisli 'I'lioniial 
Units per ( iiinlio 
Power per flour. 

Flat Hatno, 

2 

347 

Argaud, 

»)..> 

31') 

Sioincns regi'ticralivc?, 


2f)i; 

Wciiliani, .... 

4T) 

l.U 

Wclrtbaoh, . . . 

is-o 

39 


From this it is seen that, apart from other considerations, 
such as first cost and cost of maintenance, the incandescent 
system is the most economical. 

The conversion of the chemical energy of coal gas into light is 
extremely imperfect, only about 0’5 per cent, of the total energy 
ap})earing as luminous vibrations in the case of a common Argand. 
Kegenerative burners have about double this efficiency — viz., 
1 per cent. The quantity of energy appearing as luminous 
radiation from an incandescent electric lamp su))pliod by a gas 
engine and dynamo is about 0'75 per cent, of the chemical energy 
of the gas consumed in the engine, while if an arc light be used 
the efficiency rises to 3*5. per cent. 

For the utilisation of coal gas for domestic heating and as a 
source of mechanical power, see Vol. I. 

Enrichment of the Gas. — This was, until recently, wholly 
effected (when done at all) by carbonising sufficient cinnel coal 
to bring the illuminating power to the required atandard. ^he 
quantity genendly used is about 10 to 15 per cent, of the coal 
‘carbonised. The cannel is mixed with the ordinary gas coal, 
and the two carbonised together. The name “ cannel ” is from 
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tlie word “ccandlo/' tlie analogy arisin" from the fact tliat a 
splinter of the coal burns brilliantly when ignited. Cannel is 
of the nature of a shale rather tlian of a true coal, anil its 
composition (p. 07) indicates the divergence, which is also 
illustrated by the quality of tlie tar obtained during the dis- 
tillation. *This contains so much parailin that it is of little 
value to the tar distiller. (Compare Voh 1 1., p. 10.5). The 

candle •ower of cannel gas varies according to tin? quality of the 
cannel and the feniperature of distillation, but is usually as liigli 
as dO e.p. The following analyses of gas supplied to Scotch 
towns are given by P. Frankland : — 
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From iliese. it will lie seen that the unsaturated hydrocarbons, 
or “ dluminants,” are p**(‘sent in more than twice the quantity 
found in ordinary coal gas, and that the saturated hydro(;arl>oTis 
are also considerably higher, while the hytlrogen shows a (cor- 
responding decrease. The dilhirence of illuminating power is 
dei'cndent upon these facts. 

The increasing dearness and badne.ss of cannel have led to th(3 
use of other methods of enriching gas. That at present most in 
use consists in adding a regulated amount of water gas, charged 
with the vapours of comparatively heavy hydrocarbons, to tho 
gas produced in the retorts from common gas coal. 

Water gas is the product of the action of steam upon heated 
carbonaceous fuel, the fundamental reaction governing its forma- 
tion being TT^O + C — OO + TTo (set; Vol. I.). Its averuuM; 
composition is: — H 49-17, (HI. 0-31, CO 43’5.5, COc, 2’71, 

N 4-Or,, H,S 0-2. 

After it has left the generator, the water gas passes into the 
first brickwork chamber {carburettor) where petroleum oil (which 
may be fairly crude, but must be free from cokey residue when 
distilled), such as “solar oil” — a product from the distillation 
of Russian petroleum, intermediate bet^^en the burning and 
lubricating oils (see Petroleum^ p. 133), of specific gravity Q-iS'ii — 
is sjyayeddn, and then into who second chamber [superheater) 
where the -oil •which has been already vaporised and partly 
decomposed or “cracked” i.s “fixed” — 7.c., resolved into more , 
nearly ])ermanent gases. This enriched water gas is Mien 
scrubbed, passed through purifiers, and mixed with the purified ‘ 

fi 
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coal gas from the carbonising retorts. The benefit to the coal 
gas will be gathered from the following analysis of a sample of 
New York oil- water gas : — H 26*25, saturated hydrocarbons 
28‘91, CO 27*12, N 1*02, unsaturated hydrocarbons 15*80, 
candle power 29*68. Tlie character of the unsaturated hydro- 
carbons ])roduc(;d during the cracking and fixing is but little 
known ; there seems reason to suppose, however, that they are 
relatively rich in benzene, or other closed-cliain hydrocarbons. 

if tlie gas coke be used for making water gas, 1 ton of coal 
could first be mfede to yield 12,000 cubic feet of coal gas, and 
the resulting coke (about 60 per cent, of tlie weight of the coal) 
could produce about 18,000 cubic feet of water gas and 66.000 cubic 
feet of producer gas. The respective fractions of the total energy 
of the coal thus represented are l^est compart'd as follows : — 



(Ml. ft. X Cal. ! Cal. 

(.’oal gas, 

12,000 X 170 

2,010,000 

Water gas, 

18,000 X 74 

i,;«2,ooo 

15*0(1 ucer gas, .... 

66,000 X 28 

1,848,000 



5,220,000 


Taking the coal as having a calorific value of 8,300 Cal. — i.e.^ 
yielding 8,300,000 Oak per ton of 1,000 kilos. — this is equivalent 
to an efficiency of 63 per cent. It will be noted that the heat 
required to distil the coal destructively must be deducted if 
th(5 not efficiency of the process has to be reckoned. The cost 
of carburetted water gas is not very different from that of 
coal gas, its advantages lying less in cheapness that in ease of 
control and adaptation to the maintaining of the illuminating 
viilue of the coal gas with which it is mixed. It has a special 
value in countries containing antliracite hut little bituminous 
coal, as by this means the former can be used for the production 
of lighting gas by conversion into water gas and subsequent 
enrichment of the product. 

Other methods of enriching gas, depending on the intro- 
duction of the vapour of hydrocarbons less costly than benzene, 
into the coal gas, have proved more difficult of application owing 
to the tendency of the vapours to deposit in the delivery pipes. 
Nevertheless, considerable success h^s attended the use of the 
system in which a light petroleum oil {carburine, specific gravity 
0*68) is passed through steam-heated pipes, and the vapour is 
admixed with the gas. One gallon of such oil wMl impart 1 
candle power to 8,000 cubic feet of gas. Thfe cheapening of 
benzene by its recovery from coke ovens (q-v.) has led to its 
proposed use for enrichment. 

Another system of the same class is that known as the ‘‘albo- 
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carbon,” in which the gas passes over tiiielted naphtlialene 
heated by the burner itself. All these luothods of etirich- 
iiK'nt entail the consumption of the gas immediately after the 
enriching vapour has been introduced. 

The coi:|^ersion of a portion of the tar into gas has also been 
proposed for enricliing gas. This is ejected in the Dinsinore 
])rocess by allowing the gas, direct from the ordinary retorts, 
and, tlierefbre, still containing its tar, to pass through an em})ty 
retort kept at a regulated temperature, whereby a portion of 
the tar is gasified. The use of cannel for enriching is rendered 
unnecessary by this plan. As a consequence of tlie secondary 
heating of the tar and ges, the former is, in both quantity and 
(juality, inferior to ordinary gas tar, and there is also some 
risk of decomposing a portion of tln^ ammonia in tlie gas. The 
pr()C(5.ss lias therefore not come into extended use. 

Acetylene. —It has also been proposed to use acetylene 
(C.Jfo) to enrich coal gas, but as its “enrichment value” in 
mixtures with coal gas is very low, it is not suited for thi.s 
purpose. Acetylene is evolved when calcium carbide (OaC.j) 
is brought into contact with water — 

Caa + = Ca(()H)., + 

Calcium carbide has been extensively manufactured, within 
tlie last decade, by heating a mixture of lime and coke in an 
electric furnace. The commercial carbide contains about 80 per 
cent. (JaCk, and yields some 10,000 cubic feet of acetylene jier 
ton. The gas is evolved in sfiecial generators, in all the best 
forms of which the carbide is dropped piece by piece into an 
excess of water. It must be purified from PHjj, Nirijj, and 
ll.jS, which are always present owing to the impurities in the 
coke and lime. Purification is generally effected by leading 
the gas tlirough bleaching powder or sodium hypochlorite; mix- 
tures containing lead chromate and acid solutions of copper salts 
are also occasionally used. The action of the gas on copper and 
bra.ss is greatly diminisluid by this purification, and the purified 
gas is no longer self-inflammable. 

Peing an endothermic compound (C 2 , — - 47,750 gram- 

units), and capable of easy decomposition with separation of 
carbon, acetylene burns with a flame which is of liigh tempera- 
ture and of high illuminating value (240 candles per 5 cubic 
feet i^er hour). Water at 16° C. (64° F.) dissolves about its own 
volume of tlie gas, acetone five to six volume.s. A pressure ^>f 
* SO atmospheres liquefies acetylene at 18° C. (64° F.) to a colour- 
less fiquid, of ^ecific gravity 0-4. The liquid appears to be 
capable of violent explosion when rapidly heated or detonated. 

Acetylene i.s now used to a Considerable extent as an iilu- * 
minant in places where coal gas is not readily available. Mixed 
with oil gas (v.i.), it is used for lighting railway carriages in 
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Gonnany, a mixturtrof 25 volumes acetylene and 75 volumes oil 
gas possessing three times the illuminating power of 100 volumes 
of oil gas. Owing to the high temperature ol the flame, acety- 
lene has also found some application as a heating agent — e.g.^ for 
soldering purposes. The carbon deposited by the incojM plete com- 
bustion of the gas is stated to have a high value as a pigment. 

Oil Gas. — Although not used for enricliing coal gas, oil gas 
is conveniently treated here on account of the similarity of its 
mode of preparation to that of the hydrocarbons used for 
enriching water gas (p. 81). On the Pintsch system, shale or 
j)etroleum oil is run at the rat(5 of 12 gallons per hour from a 
cistern on to a sheet-iron tray contained in the upper of two 
C- shaped cast-iron retorts set in a furnace. it is tluTe 
“cracked,” and the products passed from the opposite end of 
the retort down into the second retort, which is the hotter. 
'I'he terajierature of the retorts is very high, and tlie operation 
is conducted under a pressure of 3 to 4 inches of water. The 
gas passes through condensers, is washed by passage through 
water, and is purified by a mixture of lime and sawdust before 
passing into the gasholder. Tlie yield of gas is about 80 cubic 
te(‘t per gallon ; its candle power is about 50 to 60. The gas 
is jich in hydrocarbons of the olefine and benzene series, to 
Avhich it owes its value as an illuininant. The sole use for oil 
gas in this country is in supplying lights for railway carriages 
and buoys. For the former purpose it is compressed to about 
10 atmospheres, and during the process deposits a liquid rich in 
benzene and toluene, commercially known as “hydrocarbon,” in 
the proportion of about 1 gallon per 1,000 cubic feet. It loses 
illuminating power by this separation, and after compression is 
of about 40 to 50 candle power. 

Gas Liquor. — This product is the aqueous portion of tlie 
liquor condensed in the hydraulic main and condensers, together 
with the water used in the scrubbers. It consists mainly of a 
solution of ammonium salts, a number of which are those of 
feeble acids, such as hydrosulphuric and carbonic acids. Tliesi' 
salts are easily split up on boiling the li(iuor, so that the ammonia 
combined with them is termed “ free ammonia.” The remainder 
are salts of stronger acids, and can only bo decomposed by an 
alkali stronger than ammonia, such as lime. The ammonia in 
this condition is called “ fixed ammonia.” The following analysis- 
of a Leeds gas liquor (Dyson) shows the usual composition : - - 


Glams per litre. 

Ammonium sulphide, 3 03 

,, monocarbouate, . . . . lioio 

, chloride 14 “3 

, sulphocyanide, . . . 1 *80 

, sulphate, . . . O' 19 

, hyposulphite, 2 '80 

, ferrocyanide, .... 0*41 
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me voiuiije of gas liquor to be disposed of in the works will 
depend on the character of tli(j coal, the conditions of distillation, 
and the amount of aimiionia wliicli is permitted to remain in tlie 
purified gas, and varies greatly in different works. Coals used 
in London yield oomparatively little liquor from the hydraulic 
main, but flic gas has to be sent out containing not more than 
V grains of ammonia }>er 100 cubic fi'et ; a considerabh; (juantity 
of wat('r has to be used in the sorublx'.rs to attain this end. 

The varying amount of ammonia, obtained in the liquor in the 
livdraulic main from ditlerent coals, is shown in th(* fidlowing 
table :~ 


rixi-il ])i i' (•.'lit, ! Five )ii I 


Silkstono, 1 , . 

1 S(l 

O-.S.-) 

5 , 2 , . . 

- ‘Jl 

0‘j: 

„ .‘b . . . i 

'>■'21 

017 


•J'lO 

0 70 

('aiiiK'l, ... . j 

1 •(»() 

0-4() 


The liquor from small works, in agricultural districts, is some- 
times applied directly as a manure; but in large, works it is used 
for the production of ammonium sulpliate, which is also chielly 
used for manurial purposes (manure salts), see Artificial 
Manures^ Vol. II., Chapter IV. Incidentally, the sulphur 
present as ammonium hydrosulphide is evolvcii as H.^S, which 
is burnt in Claus kilns (see Alkali, Vol. II., p. 3S) for the re- 
covery of the sulphur. 

The working up of the gas liquor for ammonium sul])hate is 
carried out in the following manner: — Tlio liquor is heated to 
drive off the free ammonia, aiid the vapour is absorbed in sul- 
phuric acid, forming ammonium sulphate, which crystallises and 
is periodically fished out. It is the common practice in England 
to use only that part Oi the ammonia which is liberated on 
distilling the liquor alone, but sometimes, espcaually on the 
Continent, the fixed ammonia is libf'rated by the addition of 
lime. A typical a])}jaratus is described in the section dealing 
with th(^ recovery of ammonia (see Ammonia-Soda Process, Vol. 
II., p. 53). 

Commercially, aramoniacal liquor is evaluated by the number 
of ounces (avd.) of ])ure oil of vitriol required to saturate 1 grJlon 
of t4ie liquor. The common strength is about 8 ounces. 

Coal Tar. — Coal tar may bo considered as comprising thf)se 
products of the distillation which distil at a temperature abov(^ 
the boiling point of benzene (80° C. = 176° F.), containiflg in 


Kind of Coal. 
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solution small proportions of more volatile products, of the 
saTiie classes as those which occur in the gas itself. The con- 
densation occurs in the hydraulic main, the condensers, and to 
a smaller extent in the scrubbers. The specific gravity of tar 
varies between 1-1 and 1-2, and is usually between 1-12 and 
l']5. The influence of the temperature of distillatflon on the 
specific gravity and yield of coal tar for different kinds of coal 
is shown by the following table : — 


(Jhiss of Coiil. 

I'ernporature 

Sjtecilic 

Pei’cciitase 

of Dwlillatiuii, 

Gravity of Tar. 

yield uti Coal. 


( Very high, 

1'210 

5*74 

Derby.shire black shale. No. 1, 

< Normal, 

M85 


( Very low, 

li45 

5-88 


( Very high, 

1*207 

6*47 

Derbyshire black shale, No. 2, 

< Normal, 

M85 ! 


(Very low. 

M8t) 

7 29 

Notts top hard canncl, , 

) Normal, 

1 Very low, 

1*U7 

1*116 

10-1)2 

1 1 'SO 


Tar is a viuy complex mixture, and contains the following 
classes of substanc(!s : — (1) Hydrocarbons of the paraffin and 
benzene series, the former in small quantities ; naphthalene, 
anthracene, and their homologues. (2) Phenols and their con- 
geners. (3) Sulphur compounds, including H.,®, OSo, mercaptan 
and thiophen, present in small amount. (4) Nitrogen compounds, 
such as ammonia, aniline, and other organic bases. (5) Com- 
pounds of uncertain character, rich in carbon, constituting the 
pitch. Of these the benzene hydrocarbons, the phenols, the 
naphthalene, antliracene and pitch are present in largest 
quantity, and are .separated by distillation in the following 
manner : — 4Tio tar is always wet with gas liquor, and is .separateil 
from this as far as ])ossible by subsidence, as the presence of 
water cause.s frothing in the stills. The retort is a vertical 
cylindrical vessel with an inwardly curved bottom and a dome- 
shaped top through wliich a thermometer passes ; it holds about 
25 tons, it is heated by direct firing, and is fitted with steam 
jets at its lower part for blowing in steam towards the end of 
the distillation. Occasionally horizontal cylindrical stills with 
mechanical stirrers are used. The vapours pass from the still 
head to the condensers which are usually cast-iron worms co(»led 
with water in the usual way. The ■ products are collected in 
closed tanks which are changed as the different fractions, best 
indicated by the temperature of their distillation, cpme oyer ; 
an outlet must be provided for permanent gases such as HgS, CS.^, 
and paraffin hydrocarbons, which are evolved at various stages of 
'the d^istillation, and is either connected with a chimney shaft, or, if 
nuisance must be avoided, with a set of scrubbers and purifiers, 
or burnt under boilers. 
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^ The distillate is collected in the following fractions; — (1) First 
runnings, up to 105° C. = 231“ F. (2) Li^ht oil, up to 210“ C. 

410° F. (3) Carbolic oil, up to 240“ C. 464“ F. (4) Creosote 
oils, up to 270“ 0. — 518“ F. (5) Anthracene oil, from 270“ C. 
to the “ pitching ])oint,” wliich varies according to whether hard 
or soft pi^ch is to be made. In modern [»ractice the first two 
fractions are frequently collected together. Although tlu^ re- 
ceiver is changed at tlie above-mentioned temperatures, it must 
be remembered that the fractions will contain compounds whi(;h 
boil at higher temperatures than those named, on account of the 
tendency of one vapour to carry over others at its boiling jioint, 
eviui though their boiling points be liiglu'r. The proportions of 
tlu'five fractions vary greatly. Tlic following is the typical com- 
position of Beckton tar : — 


Fir.st runnings, . 

.'iT)G ptu* cent., 

( eonsi.stingof ammoniacal li(inoi’, 
‘2-00 per cent. ; crude naphlluv, 

Light oils, . 

1‘6‘2 

( 1 "GO per cent. 

Carbolic and creosote oils 

. 15-70 


Anthracene oils, . 

20 -7:1 

1 containing crtide anthraeeiu^ glO 
< per cent, real anthracene), 1 -'JO 

Pitch, .... 


( [>er cent. 

Loss, .... 

2-0(1 



KM) 00 



'l'h(' first runnings consist of ammoniacal liquor — which is addeil 
to, and \vork(iil up with, tlio main quantity previously .S(qtara,tod 
by subsidence - -and crude naphtha, wliich consists of liydro- 
carbons of the benzene seri<‘.s, mainly benz(m(‘ and toluem^, 
accompanied by the more volatile impurities of coal tar, smdi 
as (1S.„ thiophens, etc. This is generally worked up with the 
light oils. 

'file light oil (specitic gravity about 0*9) derives its nauu^ from 
its being lighter than water ; it consists of a larg(* iiumb(*r of 
bydrocarboiLS of the benzene series, among wliicli bfuizeiui is 
]>resent in minor quantity ; toluene and the tliree xylenes occur 
in somewliat greater amount, togctlier with heavier hydrocarbons. 
Bases of the pyridine .series and tar acids or phenols are also pro 
sent. The first st('p in working up the light oil is redistilltition, 
which takes place in a still similar to that used in distilling tlu^ tsr; 
the distillate is then divided into first* runnings, whicli are similar 
to those obtained from tar itself and are worked up with tluuii 
as described below for crude naphtha, and last runnings, which 
contain the phenols and are added to the carbolic oil. • 

•The c?ude naphtha is fir.st agitated successively with strong sul- 
phuric acid aiid caustic soda ; the former combines with the leases, 
dissolves part of the thioph 4 )ns and olefines, and cliars othyr 
impurities ; the latter removes the tar acids (phenols) and iftmtral- 
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ises residual sulphuric acid. Inasniuch as tlui acid also convi'rt 
plicaiols into suipliorpc acids, from which the phenols anj no 
easily r(!(‘ovoral)le, it is prehn-abhj to treat first with (Caustic so.l; 
(specific gravity M5) to remove these, and then with sulphuric 
acid, tinisliiiig by washing with a weaker solution of soda. Tin 
“acid tar,” as the spent acid is termed, is used for making am 
monium sul))hate after the separation of the coarser impurities 
and as a source of pyridine bases used to denature alcoliul foi 
industrial purposes in Germany. The spent soda is acidifipc 
with sulphuric acid, and the liberated tar acids worked up witl 
the carbolic oil. The naphtha thus purified is fractionated in t 
still of tlie same pattern as that used for the tar itself, the dis 
til late being collected up to IdO"* C. — 284^^ IT. for benzols, cind 
from 140 to 170" 0. = 388" F. for solvent naphtha. The dis- 
tillate up to UO" ('. is about 50 ])er cent, of the total, and that 
between 140“ and 170“ G. 25 percent., the remaining 25 p(ir cent, 
being heavy oil, which goes to be worked up with the carbolic 
oils. 


The fractionation of the crude benzol is effected in a .still 
heated by a steam coil, and provided with means for injecting 
steam towards the end of the distillation. In this and the 

subsequent rectifications the still is fitted with a dephlegmator 

that is to say, an arrangement for condensing the less volatile 
products and returning them to the still ; it is generally either 
a coil surrounded by water kept at a constant temperature, or a 
tower similar to that used in the Cofley still (see Breroimi and 
Bislillmy, Vol. II., Chap. JX.). 

The benzol is mainly required by the aniline colour maker 
who uses two qualities — one containing some 70 per cent, of 
benzene and about 25 per cent, of toluene, and known in the 
trade as “90 per cent, benzol,” meaning that this proportior 
of it distils below 100" C.;* the other containing about 44 to 48 
per cent, of benzene and much toluene, and known as “ 50 per 
cent, benzol,” meaning that this proportion of it distils below 

100 c. 


By regulating the temperature of the dephlegmator, either 
quality may be obtained, or the hydrocarbons tlicmselves may 
be isolated; benzene (boiling point, 80" C. = 17G" F.), toluene 
(boiling point, IITC. = 232° F.), amf xylene (boiling imint, 
138 to 141 C. = 280" to 286° F.) — a mixture of the three 
isomeric hydrocarbons thus known— are now articles of com- 
merce. The purest benzene is obtained by freezing the com- 
mercial product ; its melting point is 5 5" C. — 42° F. 

Befeides these products from the crude benzol, a portiop boiling 


* III this and all other cases, “benzol ” is used to signify the commercial 
product, while “benzene” indicates CgHg. Both are absolutely distinct 
ffbm “.benzine,” which is a petroleum'' product. The terms toluol and 
xylol are commercially u.sed for toluene and xylene. 
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up to 170° 0. = 338° F. (compare p. 88) is marketed as “sol- 
vent naplitha;” this is siudhir to l lie fraction boiling belwiMMi 
140° to 170° 0. from the distillation already referred to, of t lie 
washed crude naphtha. Solvent naphthd consists largely of 
xylenes and oiimem*s. and is so called from its application as 
a solvent f(^ indiaruhber. It should bo free from naphthaleiu', 
wliich is often present in a similar fraction used for burning in 
street lam]).s, and known, thend’ort*, as liurning naphtha.'’ 

The carbolic oils, which are included with the creosote 
oils mentioned in tlio analysis of tar quoted above, amount to 
4 to 5 per cent, of the original tar. 'riu; point at which the 
receiver of the tar still is clianged, is lixed not only by tin* 
temperature, but by the appisarance of solid naphthaleiu' in the 
distillate, an indication that the bulk of the “tar acids ” 
(phenol and its lionudogues, commercially known as carliolie 
and cresylic acids) has come over. TIk^ oil is iiltcretl from 
such naphthahmo as separates on cooling, and is extractecl with 
a solution of caustic soda which dissolves out the tar acids. A 
clu'aper method is that known as the West- Knight and Gall pro- 
cess, which consists in treating the oil with a mixture of lime 
and sulphate of soda, whereliy sulphate of lime and the sodium 
salts of the tar acids, “ sodium carbolate,” arc formed. The un- 
ut tacked neutral oil is sometimes worked uj) for naphthalene 
o/.r ), or if this be not wanted the oil is returned to tin*, light oils, 
inasmuch as it contains benzene homologuos. The alkaline solu- 
tion of sodium carbohite is generally mixed with the alkaliiie 
washings of the light oil (tx.v,), and treated with sulphuric acid, 
which sets free the tar acids, these floating upon the aqu(*ous 
liquid as an oily layer. TJie sodium sulphate formed is practi- 
cally valueless where caustic soda has been used for (extracting 
the tar acids, but can b(‘ used over again when a mixture of sodium 
sulphate and lime has been employed. In any case tlie a(|ue,ous 
liipior is drawn off, the crude tar acids allowed to settle for a 
day or two, and sold as “ crude carbolic acid ” of specific gravity 
I '05 to 1 065. The “crude carbolic acid” is worked up for 
“ ])ure carbolic acid ” — i.e., phenol, CgHj^(OH). 

Tlie crude acid contains, Ixisides phenol, cresol, water and 
some neutral oils. The separation of phenol and cresol is effected 
eitlnu' by fractional distillation or fractional precipitation of 
their solution in caustic soda with sulphuric acid. When an 
insufficient quantity of acid is added to a solution containing 
the sodium salts of phenol and cresol, the latter, as the weaker 
acid, is first precipitated, and thus can be sejiarated from tiie 
undetoinpo^eil sodium salt of ydienol, which is then similarly 
acidified, and tlTe phenol got out. However obtained, the frac- 

* These are now sold as disinfcctaiiLs, being dissolved in a soap soli^^ioii 
for this purpo.se: trade names such as crcolin and lysol are used for such 
Bolutions. 
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tion in phenol solidifies on cooling to about 10° C. 50“ 

F. The crystals (iJielting point 42“ C. = 108“ F., boiling point 
182“ C. = 360“ F.) are freed from the still liquid portion by treat- 
ment in a centrifugal machine, and generally again distilled with 
an addition of 0-2 to 0*3 per cent, of potassium bichromate, and 
a little sulphuric acid ; the object of the addition of tftis oxidising 
agent being to destroy the impurity that hastens the change 
by which even pure phenol becomes red on exposure to air and 
moisture ; this discoloration takes place especially easily when 
the acid has been distilled from a metal still, so that the phar- 
maceutical product is finally distilled in glass. The commercial 
grades of carbolic acid comprise those containing water — which 
in consequence melt at a lower temperature than the anhydrous 
acid — and mixtures of phenol and cresol. In consequence, the 
term “carbolic acid” is objectionable because necessarily vague, 
'fhe chief uses of all the grades are for disinfecting purposes, the 
])roduction of salicylic acid, colouring matters, and explosives 
(q.v.). 

The creosote oils are chiefly valuable on account of the 
naphthalene they contain, and for their use as a preservative for 
timber (see Vol. I.). They consist of a solution of naph- 
thalene, anthracene, and similar solid hydrocarbons, in liquid 
hydrocarbons, tlui composition and nature of which have not yet 
been fully ascertained. 

When the creosote oils, as they come from the tar still, cool, 
much naphthalene is deposited, amounting to about 5 to 10 per 
cent, of the tar, and is separated by draining, and then pressed 
in hot presses like those used for stearic acid (“stearin”) and 
anthracene {q.v.). It is further purified from acid and basic 
impurities by successive treatment with caustic soda and sul- 
phuric acid. In the latter process 5 per cent, of manganese 
dioxide (Weldon mud; see Alka/i Manufacture, Vol. II., p. 43) 
is added, in order that the final product may remain white (jn 
keeping. Some naphthalene is also obtained from the carbolic 
oils, as has been already mentioned. The washed naphthalene 
is cither sublimed or di.stilled, preferably the latter, iron stills 
heated by direct fire and provided with dephlegmators are used ; 
a safety-valve is provided in case the worm should block, although 
in the best practice the “worm” is a straight pipe through the 
centre of which runs a small steam pipe, and round which the 
condensing water circulates. The portion coming over between 
210“ and 235“ 0. = 410“ and 455“ F. (indicated by a thermometer 
in the vapour) consists of nearly pure naphthalene; the object* 
of the steam pipe in the condensing tube is to keep the naphtha- 
lene in the liquid state, and allow it to run into a receiver fitted 
with a partition reaching nearly, but not quite, to the bottom ; 
thi^bugh this space the naphthalene (specific gravity 1-1517, 
melting point 79“ C. — 174“ F., boiling point 218“ C. = 424° F.) ' 
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which sinks in tlio water, passes, and is collfoted tree from 
water in the otlier division. The molted naphtlialcoie is cast 
into cakes, candles, or niarbh'S, arcordiii" to its intended use. 
The cakes are used in place f>f cani|)hor as an insc^cticide. Ihe 
candles and marble.s are employed for the “albo-carbon” light— 
i.e., for enriching coal gas with naphtlialene vapour the moineiit 
before its combustion (seep. 82). Naphthalene is also converted 
into naphthols, nitro-naphthah*nes, and naphthylamines, whiidi 
are used for the production of synthetic colouring matU'rs. 
Nitro-naphthalene is also used for ‘•deblooming” mineral oils 
— i.e., removing their fluorescence — the object being to allow 
of their being used as adulterants without immediate detection. 
By oxidation naphthalene yields phthalic acid, the paxuit 
material for artificial indigo. 

The creosotes themselves after separation of najdithaloue are 
not usually further treated, but go for creosoting timl)er as al rt‘ad y 
described (Vol. I.). A small portion, however, is em]>loyed 
for the manufacture of lubricants, and ahso for burning in blast 
lamps used for outdoor illumination — the ]jucigen or Wcdls 
light- for which purpose it is filtered and fetche.<-’ a higher prices. 

'Idle anthracene oil or green oil is the last fraction of the 
distillate from tar, and comes over between 270' 0. --- 518" V\ 
and tlu' pitching point. The crude oil lias a greenish colour, 
and jiartially sets oi; cooling to a buttery 4 nass coniainiiig aliout 50 
percent, of solid constituents — one-third of wliieh is aniliracene, 
the rest being otli(‘r .soli<l liyilrocarbons — ejj., phenatitlin iie. and 
chrysene— the remaining liquid consisting of oils of liigli boiling 
point, of which but litth* exact knowledge exists. The pure 
antlu’acene doe.s not usually amount to more than 0 7 per ei iit. 
reckoned on the original tar. Antliraeeno oil is worked up by 
allowing it to cool for a few days so that crystallisation may bo 
as perfect as possible, and the solids an* separated Ijy means of 
filtration under pre.ssure tbrougli canvas l)ags, or l^y a liltiu- picss, 
or by a centrifugal machiiu'. A portion of the .solids remaining 
in the oil is recovered by i-iulistilling .ind filtering again. The 
crude anthracene is sulqecieil to bydraulio pressure at a Uun- 
perature of about 40^ (J. - 104° F. The expressed oils from 

both operations are returned to the creo.sote oil tank. The 
pressed anthracene contains about 50 to 35 per cemt. of actual 
anthraceni', and is ground and wasliexf witli solvents, generally 
solvent naphtha (v.s.) or sometimes petroleum spirit (see Pelro- 
leitm, Vol. fl., Chap. V.), the operation being conducted in closed 
vessels provided with stirrcr.s, and the .solvent, after having bf'cn 
run ptf, recovered by distillation. This raises the percentages of 
anthracene to upwards of 50 per cent. A further purification 
must be effected before the anj^hraceiie can be couverte'd into 
anthraquinone (its chief commercial derivative ; see Colouring 
Matters, Yo\. II., Chap. XIH,), ))y sublimation in a current of 
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suporl.eatod stoaiu, which gives a product containing about GO 
p(*.r cent, of ant.hrac^cie in a state of division sufficiently fine to 
allow of its subsequent oxidation to anthraquinone. The tar 
distiller generally puts 30 per cent, anthracene on the market, 
and it is valued by the “unit”— that is, at so much per cwt. for 
every per cent, of anthracene present. Pure anthracene is a 
white crystalline substance with a bluish fluorescence; it melts 
at 213“ 0. = 415° F., and boils at 351° C. = 652° F.^ 

Pitch. — ^The “pitching ])oint” varies from 3G0° to 400“ 0. 

080“ to 752“ F’., according to the amount of anthracene oil 
distilled off and the quality of the pitch left. As anthracene 
is a valuable product, it is now customary to push the distillation 
so as to obtain as much of this as possible, and consequently 
“ hard pitch ” is produced. When the distillation is not (;ai'ried 
so far, “soft pitch” results. It is blacker and moi’C lustrous 
than hard pitch, and, containing a largo proportion of oil, softens 
at 40“ il ^ 104° F., and melts at 60“ 0. = 140° F., as against 
80“ C. = 176° F., and 120“ C. = 248“ F. for hard pitch. Nowadays, 
hard pitch is generally softened by the addition of creosote oil, 
and is substituted for the old “asphalt” which was produced by 
stopping the distillation of tar when only light oil had been 
distilled offi Hard pitch contains, per cent., 0, 75 ; H, 8 ; 0, 16, 
and a trace of ash. It is used for making patent fuel (coal-dust 
briquettes), rough varnishes, and for adulterating natural mineral 
asphalt. It is sometimes distilled for a further portion of an- 
thracene which is much contaminated with chrysene. 

Gas Coke.— As already stated, a portion of this is used for 
heating the retorts ; the itMuainder finds application in the 
neighbourhood for such industries as cement making and lime 
burning, and for domestic heating. Good gas coke should not 
contain more than 10 per cent, of ash. 

(11.) CARBONISING IN OVENS FOR COKE PRO- 
DXJCTION. — In order to overcome objections that exist to the 
use of coal in many metallurgical processes (see h'on, Yol. I.), 
coke is prepared, coal being carbonised for this purpose in much 
larger quantities than for gas making; the essential difference in 
the two methods is that in the first the coke is the main product, 
while in the second (gas making) it is the bye-product. Gas coke 
cannot be sub.stituted for oven coke on account of its lighter and 
more porous structure, due in great measure to the rapidity of 
the carbonisation. Caking coals are those best fitted for coking, 
because they leave a compact, coherent coke, but mixtures of 
caking and non-caking coals can also be successfully carbonised. 
As sulphur and ash are objectionable for the metallurgical use 
of coke, it is advantageous to use as pure a coal us possible. To 
this end the mineral matter (shale and “ brasses "—iron pyrites) 
is removed by “ washing.” Coal-washing machinery, sucli as tlie 
Liihrig-Coppee plant, consists essentially of sizing and levigating 
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apparatus like that used for concentrating ores (see Metallurgy, 
Vol. I.), and by its means pure small ^al can bo prepared 
which yields good coke, which, notwithstanding that the coal used 
was small, will be in large pieces owing t(? the fusion and agglo- 
meration that coking coal undergoes. A typical coke of good 
quality has the composition — 0, 93-15 per cent.; H,0-72 per ciuit.; 
N, 1-28 ))er cent.; 0, 0-90 per cent.; ash, 3*05 per cent. The 
chief variation in the composition of coke is due to its content 
of ash, which is obviously dependent on that in the coal. For 
the discussion of the inlliience of the physical properties of coke 
on its suitability for metallurgical use, see IroUy Vol. I. 

(1) Coking in Heaps. — The earliest method of coking, and 
one which is still used to sonn^ extent, consists in carbonising 
coal in mcilers or heaps similai- to tho.se us»hI for carbonising 
wood in charcoal burning. Tlic process is one of destructive 
distillation, the combustion of a portion of the coal sullicing to 
distil the rest, and is, therefore, analogous to coking in an oven, 
although there are no confining walls. Tin; method.s most in 
use may be reduced to three types:- -(a) The coal is made into 
heaps of 20 feet diameter and 4 feet in height, or into ridg<‘s about 
200 feet in length and 12 feet acros.s and about 2 feet high, which 
are ignited at numerous points on the outside by driving in 
•st.akes and inserting live coal in the holes thus formed. (,)n the 
C(issation of the evolution of Lhick smoke and llame at any point, 
the heap at that spot is covered with coal dust and the comlnis- 
tion checked, and this process is pursued until the whole heap is 
carbonised. The main objection to this process is that the outer 
part of the heap is apt to be burnt before the inner is completely 
carbonised. This has given rise to tin; use of type (/>), which 
consists of a heap covered with small coal and provided with a 
conical brick chimney having numerous apertures. The heap is 
lighted by throwing burning coal down the chimney, and the 
combustion thus extends from the centre towards the circum- 
ference, the products of combustion escaping through the chimney, 
which is closed when they cease to be evolved. Type (c) is of 
similar construction, but is not covered, and the chimney is 
closed immediately after ignition, so tliat the flames proceed 
outwards. A variation of coking in heaps consists of coking in 
kilns, which are large rectangular enclosures of firebrick, with 
openings in the walls for the exit of gases. In coking in hea))s 
the operation takes from two to three day.s, while a similar period 
mu.st elapse to allow the coke to cool. 

(2) Coking in Beehive Ovens by Partial Combustion. — 
Thii methbd is similar in principle to coking in heaps, in that 
sufficient air i# admitted into the oven to burn part of the coal 
and produce heat enough to qprbonise the rest. As its name 
implies, this form of oven (one variety of which is sho\^n in 
Fig. 19) consists of a dome-shaped chamber which is about 
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10 f(-ofc in (liameter and 4 feet to tlin springing of the dome. 
J lie lloor of th(3 oyenhis traversed by a winding flue designed to 
keep the floor cool by the circulation of air through it, and thus 
prevent the rapid distillation of the fresh charge and consequent 
lormation of b.ifl coke. Similar flues are sometimes used for the 
walls The charge for each oven is about 3 tons, which is intro- 
duced mtlior through a door in the side of the oven or throiieh 
an oiiening in the top. C. It is held in place by a false door K 
J he door is provided with holes for the admission of air 0 H 
lliese are gradually closed after about three hours, and after 
some twenty-four hours are completely closed, the oven belli o 
eventually drawn forty-eight hours after charging. The smoke 
IS icd olt by a flue, CTI, common to a group of ovens ; each oven 
IS provided with a damper, D. If the oven be made with the 



whole of one side serving as a door, the coke, CK, can be removed 
by an “anchor,” which is an iron framework to which a chain 
can be attached, and which is inserted before the charge. In this 
type of oven, as in the heaps, no use is matle of any of the pro- 
ducts of distillation, the only valuable material obtained being 
coke. ® 

(3) Coking in Ovens by the Combustion of the whole of 
the evolved Gases.— Ovens other than the beehive may be 
looked upon as enlarged gas retorts, which in most ca^es are* set 
horizontally, but sometimes— e.y., in the A ppolt— are placed ver- 
tically. 1 he analogy is imperlect.in the present class, as the pro- 
ducts? of distillation are allowed to escape by the pressure of their 
evolution through holes in the wails of tJie retort, so that they 
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can oe mixed with the air in the surrounding Hues and there 
burnt to sup})ly the lieat necessary for distillation, hi class (1), 
to be descril)ed below, the analogy is stronger, us the gases are 
led away from the r.oki'., and may even no used lor liglitiiig 
purposes. 

ddiis tliiftl type is best represenled in the Oopjke ami the 
Appolt ovens, which depend upon the same prineijde of heating, 
but tire sonn'what dilferent in e(ni.slruet ion. 'I'he t’ojipiH' ovens 
are about "2 leet wide, oO to .35 li'et. K>ng. and d to o lis't to tln‘ 
springing of the roof, d'hey are slightly lajKU’ed in tlu‘ direction 
of the length for convenimict* of removing the eoke by the thrust 
of an hydraidio ram. They are eharg<Hl from the to}), ami hohl 
from .3 to G tons. TIk'V an' liuilt in stacks side by side, one side 
of the ov(m btdng jierforattal, the ojamings leading into Hues, the 
oth(‘r sitle of which is in contact with the un}M‘i-forated wail of 
the next oviui. There i.s no recovery of products from this type 
of oven, ddie other exam|)le tola; mentiomal is tln‘ A])|)olt coke 
oven, in which tlie retort is vertical, and is .about l.‘> h'cl in 
lu'ight, and tapering from the top 3 feet 8 iTiclnrs liy 13 inches to 
tin* base which is 4 feet by 18 inches. It is loaded from the top, 
and at the end of the run the coke witlidrawn through a door :it 
the bottom. 

(4) Coking in Ovens with Kecovery of Products. An 
ide.'d cf)k(i oven would ha\e the whole of th(‘. tar and ammonia 
rccoviuu'd, and be luiated exclu.sivcly by its own eombusti))hi 
gases. It is found, howmver, that as the evolution of gas shn kens 
towards the end of the operation, the eoke is insuHiciently heatiul 
and suffers in quality. It is, therefore, customary to allow either 
access of air to the coke towuards the end of carlmnisation, or to 
u.se a su|)})lemcntary modci of lieating hy solid fuel or proilucer 
gas. 

The removal of the tar and ammonia is aided hy drawing them 
off by means of an exhausti r, such as Beale's (.see dVrs Mann- 
faefure, Vol. IT., p. 71), or by a steam injector. A wudi known 
example of an oven for the recovery of bye-products is tb(‘ Simon 
Carves, which is very similar in constru<*tioii to the Co})})ee (j\ um. 
Fig. 20 .show s the arrangiunent of the .'^imon-Carvi^.s oven. 

The oven, A, is fed thi ough tlie openings, h, b, from tin* trucks, 
B, B, the gases evolved being drawn oil' through the ascension 
pipe, 1\1, into a hydraulic main. A })ortioii of the gas jtas.ses 
through the pi|>e, B, into the Hue, S, where it meets a sup})ly of 
air drawn through the ju-gern'rating flues, d, (/, d, the })roducts 
of combustion escaping through the flues, 6, e, to the .stack, H, 
wliick serves for a nurnher of ovens. The coke is ex})e]led from 
the oven en mdtssc hy the ram, G, and is quenched as showui 
at K. , 

The tar and ammonia are separated in a manner similaf to 
that in use for the corresponding products obtained in the 
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distillation of coal for gas production. The tar is, however, ^ 
different in character from ordinary coal tar, if air be admitted 



to the coke. In that case it is poor in hydrocarbons of the 
benzene series, and consists largely ol paraffins. If, on the 
contrary, no air be admitted the tar is similar to London gas 


^ Fig. 20. — Simon-Carves oven. 

Oven; b, b, openings for charge; B, B, trucks; M, ascension pipe; P, pipe; S, flue; d, d, d, regenerating 
flues; e, e, flues; H, stack; G, ram; K, mode ol. quenching the coke 
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tar, but poorer in light oils and phenols thuii are counlry tars. 
The admission of air also causes loss of an monia by oxidation, 
and, in short, the im})rovement of the (jiiality of the coke is 
effected at tlie expense of the other products. In tlie Sinioti- 
Carves plant the yi(dd of coke may be taken at about 77 p(“r cent., 
the tar GT^ gallons, and the amnioniacal liquor (0*7'' Twaddh'} 
-7‘7 gallons per ton of coal carbonised, corresponding witli 
11 to 14 per cent, of the nitrogen in tln^ coal, ddie tar is gencr- 
ally sent to the distiller, but tin? ammonia i.s worked up on tli<‘ 
spot, in a manner similar to that used for the amnioniacal li^pnw 
of gas works. Notwithstanding the many improvcnniiits in 
eoke ovens fitted for the recovery of tlie tar and ammonia, and 
tlie undoubted value of t.ln'se products, and in spite of tke 
greater yield of coke (77 pm- e<-nt. as against Go per cent.), many 
ironmasters pretcr the coke from the old-fashioned beehive o\'cii. 
d'he hardiness and density of the cok(‘ are increased tin; narrovci' 
the oven--hc., the grinter tlie opposition to the expansion ot 
the coal while in the ])lastic state. 

Carbonising Poat. -Attempts have been made to carbonise 
peat- prolilably in order lo obtain peat charcoal, ac<;tic acid, 
ammonia, and paratlin wax and oils. The process lias Ix'cn con- 
ducted in retorts of tin; modern type used for shale distillat-ion 
(f/.c.). Recent experiments show a yield from the air-dri('d peat 
of about 37 per cent -f charcoal containing about 5 per cent, 
of asli,* 11 per cent, of liquor containing nearly G per cent, of tar 
and a little ammonia and acetic acid, and 22 per cent, of gas 
containing combustible constituents. The difliculty in utilising 
pi'at in tliis manner arises from tin? fact that it occurs in a very 
moist and bulky condition, associated with much earthy mattiT, 
its composition being very irr<\gular. Some preliminary proci-ss 
of compression and desiccation is nece.ssary before distillation is 
practicable. At the present ju ice of otlier carbonaceous materials 
(coal and jietroleum) the jirospect of the remunerative distil- 
lation of peat is remote. 

II. DESTRUCTIVE DISTILLATION OF WOOD. 

The essential constituent of wood is ligno-ccilulose, which is a 
carbohydrate of the formula Witli it arc associalial 

inerusting substances consisting of resins and tannins peculiar 
to each species of wood. Air-dried wood contains 15 to 25 per 
cent, of water, while the amount of water in growing wood 
varies greatly with the sjiecies, ranging from 18 to 50 per cent. 
Ti e ash or^ineral constituents of wood amount to 1 to l‘G jjer 
cent. The chief substances present in the ash are potassium and 
sodium carbonates — one or other prej)onderating, according to the 
species — lime, and magnesia. Tin? composition of the asli va^-ies 

* The average from unselected samples is probably considerably higher. " 
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to sorijo extent with the soil on wlik-h the trees are grown. Tlie 
ult.iiiiaU* coJiipositieri of wood (deducting the ash and moisture.) 
av(;rage.s — C, hO’h jrT cent. ; Jf, G'd per cent. ; 0, 42 jier cent. ; 
N, 1-2 ])er cent. VHlieii wooi) is licatcd out of contact with air, 
it sullcrs (iecoinposition in accordance with the principles of 
destructive distillation detailed at the beginning of tfiiis chapter. 

(A) BURNING IN HEAPS OR “ MEILERS.” — This 
proce.ss is .siinil.'ir to tliat already (h'seribed for coal, being inde(>cl 
its j)rototype. The wdiole arrangement is shown in Fig. 21. A 
stak(‘ or “quandel” is driven into the ground, and around it 
log.s of wood are carefully packed, .sonietinie.s horizontally, some- 
tinie.s vertically dispo.sed. In the latter case, tliree or four 
slak(‘S are used for the centre, to form a sort of rough chimney. 
'Pile diamet(‘r of th<^ mound varies from 10 to GO feel. The 
inbirstices of the logs an^ hlled witlj .small wood, and a covering, 
A, of turf or “ cliarcoal l>reeze” — he., powdered cliarcoal from a 
previous operation— is made, and is tliickest at tlic top of the 



Fig. ‘21. -Charcoal burning in heap.s. A, Covering; M, annul, ir uap. 


mound. Tho foot of the heap is not cov('red at the hrginning 
of the burning, an annular gap, Al, being left, the covering btdng 
supported by twigs pegged down by forks ot wood, the whoh* 
arrangement being calh'd the “armour.” A channel, left during 
building, from the circumference to the centre of tlie heap, serves 
for the introduction of live charcoal lor igniting the lieap. li a 
cliimiiey has been made in tho middle, this servos the same pnr- 
])Ose, The faggots immediately around tlic stake }iav(* been par- 
tiallv charred in a previous opt'ration, so that the ignition ot the 
heap may be ensureil. When the heap is lighted, the holes are 
closed, and “sweating”— i.c., the escape of moisture from the 
annular space at the base— sets in. Tlie supply of air is regu- 
lated by partially closing the uncovered space, to aVoid duiger 
of explosion of mixtures of air and the inllaminable gases that 
are given olf. When the smoke, which is at first yellow, 
changes to grey, charring proper is known to have set in, and 



CHARRING IN KIRNS. 


99 


all oprriiiigs arw closed. During carboiiis;itioii tlie cover lias to 
' Ij<‘ renewed as it falls in. After sonu* da'; s a slake is ((riven 
llirough tli(' covering in si'veral places neai the ground, to form 
])assages for tin- (‘S(‘a|H' of' tin* tar. More p 'rforal ions aic mad(‘ 
in llie uj'jier part of the Insip as tlio eliarring procee<!s tlui 
judgineiil (^4’ ti;(‘ Inirnei- keing guidisl l>y 1 lie iippi'arama* of’ t he 
smoke -in order toereatean ujedrauglit, and insure f li(‘ elianiog 
nf tli(^ wood on tin' outside ('f llie heap. ISniall piles take six (o 
fourteen days toearboni.se, largii one.s one inontli. Keetangular 
heajis are sometimes used, tin' walks being made of stakes .and 
rough boards. 

l'>\’ eon\(a’sion into charcoal by burning in lieaps, wood loses 

011 an a\(‘rag(' .some ‘Jh per cent, of its bulk, and 7n t<i Sd per 
cent, of its widglil. Its appan'iit speeilie gravity /.e., including 
pores™ varie.s Irom O li to OA, according to the wood from w liudi 
It is deri\ed. d'ln* real sptaalic gravity is from 1 •.*> to ‘J-O. 
r.ee('liwood charcoal jirodiuaal by this nn'lhod has tin' following 
composition; — Water, 7U jicr cent. ; earhon, S(r2 }iereem. ; ij, 
2 d p('r cent. ; O and iN, l-.» per cent. ; ash, d‘() pm'ccni. Dn 
k('(‘ping, the moisture may inerea.sc* to about 12 p(‘r cent., whieli 
diminishes the vabu' of tlie charcoal as a find (V^ol. T.). 

In general, the products of (in', destructive distillation, other 
than eliareoal, ('.seH})(; or are. burnt., but by building tin* nn'iler 
on a coneav(‘ brick Hoc',*, a }>ortion of the tar is cauglit and kv 
covered. ddie ditViculty of generally adopting this plan, is tliat 
the lu'iek lloor in'e«'ssilate,s that the heap should Ixi k(>pt to om> 
jdace and the wood brought to it. Tlie ri'ctangular lu aps are 
better adapted for the recovery of tar, as they are worked from 
one (‘ud l(» the other and the draught carrii^s (In' lar cou- 
tinuously in tlie din'ction of the h'ngth of the heap. Lime 
has iieen proposed as a covering, for li.xing tint acetic acid (one 
of the products), and other coverings sufliciently rigid to admit 
of the introduction of pipes have }>een (rii'd. 'I’he objections to 
both arrangements is that unle.ss the cover he flexible it will 
not fall in as the wmod shrinks. 

(II) CHARRING IN KILNS. The kilns, whieh aim ehielly 
U''('d ill Aim’i’iea, art* rectangular brick structures with an artdied 
rout, some 10 to bO feet long and 12 to 18 h^et wide, and about 

12 (o IS feel to the spring of the roof, holding 100 to 180 tons, 
nr cyliridrical structures 28 fm-t in diaitieter, 12 feet iiigli, and 
covered with a dome. In either case vpiit-holes arc ieft in tln^ 
walls, and are ojiened and closed according to the supolv of air 
retpiired. The charring takes G to 10 days, and 4 to G tiays are 
neede^tj for cooling, d’lie products are not rocovenal in t.lie.se 
kilns; those fni j i.s designed for the recovery of products are of 
b(“ehive shape, and tlie air has aeimss to tin? charge tlirougli a 
grate. Ihe entry of air is stopped a.s soon as the walls are hot 
enough to coiiiiilete the charring. The kiln is filled partly 
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zontally, altliougli cast ircji is also useJ as a material ami the 
setting is vertical in many (“ases. The size -.'aries consi(i('rably, 
but 3 feet diameter by S feet lu’jy, l> not u' usual, 'fin' eliarge 
fur a retort of this size is abt)ut (> ewts. The retorts an' heated 
l.y lh(^ llame of the g.is .'xolved from the distillation, supple- 
iiu-uted hy a little wood or ehan'oal. 

fhe '^enei'ul arrangement for the distillation ot wood in 
retfU'ts is shown in Fig. ^3, in w hieli A is tlit^ retort, set in the 
lurnaee, 11, in which the fire from the grate, 0, eirculati'S round 
the retort, the furnace gases tinally passing away by the tbie, 1>. 
'fhe products of distillation pass through the. condensing pip(', 
F, s. L in the wat«'r jaeket, F. 'I'lu' litpiiil ].r<.(luets How through 
the small pipe, (I, into the trough, IF The uneomleiised gas 
passes through the pi}>e, K, into tlu' main, F, which is common 
to several reterts, and \\hene(' tln^ gas tinally ]iasses through 
the pipe, M, into tin' grate, O. 'I'ln^ door, N, of tin' r('tort is 
l emoved wln'ii I h('. distillal i(m is complete, and tln^ contents ot 
the ri'lort are pulled out hodily hy a windlass attaeln'<l to the 
l)ar and frame, 0. 

'flu' (luantity of charcoal obtained by distillation iii ri'torts is 
aiuiut -37 pel- cent, of the wa-ight of the wood, but of tliis some 
h ])('!' cent, is inic(\ssary for heating the retort, so that tin* net 
result is no better than when burning in heaps is used, fho 
value of tlie distillat(‘ constitutes the chief advantage of «iistil- 
lation in reports. 

PRODUCTS. — Tliese are cliarcoal, tar, crudti acetic acid, 
spirit, and gas. 

{(() Charcoal. — Tlie average yi(ihl from the wood of two typical 
trees is : — 



( 1 tlilr 

1 lij^ncoiis 
: ‘.-iciil 

; (wai.ry 

AMtira.-i-l 

:Kla<-ial) 

III wall ry 
iliAillatc. 

Tar. 

( hairnal. 

(ia.H. 

i Oak. 

47'<) 

5-4 i 

()-4 1 

•24 9 

•22-1 

; iir, . 

1 

4o0 

•J7 

10-U 

•28-0 

27 0 


In each case the watery distillate contains about 1 ]jer cent, of 
wood .spirit, reckoned on the wood. 

.With regard to the quality of the charcoal produced by tln'se 
several methods, it depends on (1) the nature of the wood, and 
(2) the temperature of distillation. The hard clo.s<vgrained 
woo sueR as oak and beech, give a hard dense charcoal, while 
wooos of lighter and loo.ser texture, particularly woods of 
conifers, give a correspoadingly.soft charcoal. The higlier tho 
teinjierature of distillation the blacker the charcoal, and *1110 
• Fawsitt, Journ. Soc. Chmi. Ind., ISS."), p. 319. 
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riioie nearly it approaches pure carbon (Vol. I.). Chaicoal is c 
also made at v(*ry Il)w temperatures (.360“ to 520“ C. ~ 6S0“ to 
9GH“ F,) for gunpowiler making, superheated steam being some- 
times used for cliarring. The qualities prepared at the lowest 
temperatures an; ))rowii in colour, and an; known ^as reel char- 
coal {charbvn rouji'). It is less porous and hygros<-()pic, and 
more inllamraable than black charcoal, and has, when freshly 
made, the average composition, 74 per cent. 0., *2 1-5 per cent. 0 
and H, and 1-5 per cent. ash. After a time it will be found to 
have taken up as much as 10 per cent, of water. For further 
information concerning low temperature charcoal see Explosive.s, 
Vol. IT., Chapter XVII. 

Besides its use as a fuel, which has already been dealt with 
in Vol. I., charcoal is applied as a deodoriser on account of its 
pi-operty of absorbing, and to some e.xtent oxidising, objection- 
able gases. This oxidation is ollectf'd by the atmospheric oxygfui 
which the charcoal has absorbfid during cooling and storage, 

1 vol, of charcoal can occlude 9‘2.5 vols. of 0, and similarly large 
quantities of other gase.s. High temperature charcoal takes up 
less gas than a low temj)erature product. The application for 
filtering water depends upon the same principle.s. Being a non- 
eouductoi’, eluiivoal is us(‘d as a packing to liinder tin; trans- 
mission of heat. 

{/>) Wood Tar, yi«‘ld of to* varies from 7 to 10 per cent. 

of the wood, rising to I I per cent, in the; ease of ])ine wood. 
Wood tar is elmra(*t(a‘is<'d by tln^ large; proportion of oxygenaied 
bodies it eontain.s. 'far <-ondensed from the distillate from wood 
distilled in elo.sed retorts varies according to the nature of the 
woofl, that from the conifers being rich in terpenes, due to the 
(le<;oinposi(iou of tin; resinou.s constituents of the wood; that 
from other woods, such as Ix'ech, contains hydrocarbons of the 
parafhn and benzene series, together with various phenols and 
their derivatives. 

Stockholm tar Ls tliat wJiich is most commonly used as a pre- 
servative for wood, and is produced from coniferous wo(j(Js by a 
process of distill.ation in which it is the most valuable product ; 
the proce.ss consists in filling the wood into large hoh's, shapeil 
like inverted cones, in the ground. The wood is ignited at the 
toj), and allowed to burn slowly, access of air being hindered by 
partially covering the pile with earth ; the tar collects in a 
treiu’h at the bottom. 

Russian tar is characterised by being specially rich in pyro- 
catechol (see Leather, Vol. II., Chap, XVI.). 

In America, crude wood-tar creosote oil from coniferous' wooil 
is substituted for coal-tar creosote in creosoting sleepers and 
piles (Vol. I.;. 

f'urified Wood-tar creosote is obtained by scjiarating the tar 
into two tractions by distillation, and washing the lieavier fraction 
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with caustic soda, whereby creosote is dissolved. The alkaline 
Solution is boiled iji air to oxidiso impurit ies, and prceijdtateil 
with sulphuiitr acid ; these two ]irocesses are rejx'ated, and tlu* 
product distilled ; the fraction from ilOO' to 2‘JO'' ("!. - to 

F. constitutes commercial wood tar creosote, which contains 
50 to (10 cent, of miaiacol, ,(011) (0011 and creosol, 
0,;H.5C1J,,(011) (OOH.,), toL,'cther with small qiuintiti(‘.s of many 
othi r j)l)t‘nolic dt'rivatives. It is a powerful antiseptic, and 
much us(al in medicine. 

{,•) Wood Sphit — d'he distillate from wood consists of a mix- 
ture of tar and wati'rv litjuid, the latter containing ac«dic acid 
and wood naphtlia or wood spirit. ’The tar is .separat(*d l)y sub- 
sidence and used for the purposes already mentiom'd, and (he 
watery liquid is drawn olf froiti tin* (op, and w'ork«‘d up foi- ac(‘t ic 
acifl, acetone and im'thyl alcohol, ddu' method of working up 
varies accordirig to wliat grade of ac(‘tate of lime is to be ])re- 
par(Ml. If brown acetate of lime (e.i.) he n^piinMl, tlm cru(I(» 
watery distillate (py r<digneuus acid) is mmtralised at once with 
lime and distilled in an iron still until the spirit has (muih; o\er, 
and th(‘ distillate (about lid per (‘ent. of t,lu‘ whole) is too w'l'ak 
iii iiillamrnabh' eunstituents t<» llasli wlnm (lirowji on to glowing 
eimhu's (a picferable te..;t is the specific gravity of tint li(iuid). 

a( eta((‘of lime remains in tin* retort. I f grey acetate of lime 
be necdr{|. the pyrol’g. <‘ous aedd is distilhai, to r(*mo\at tarry 
matter, in er)p]i(‘r retorts — iron being attaidvial by tint acid — 
}ieat< il by cdils eonN'eyitiLT su|M‘rlieat.(!d steam, and tin* (list, illafe 
eitlier eullected in two fractions, the first Ixdiig tlui .sjdrit, and 
the second the acetic acid, or neutraliscMl with lime and ritdistilled 
until the spirit has come over, (irtide wood spirit is a coniftli'x 
li(jnid CDiitaining methyl aleoliol, a('etom*, metdiyl a.(a'tat«\ .abh^- 
liyde. allyl aleoliol, and diimdliyl acetal, with small (plant itii's of 
the thre(> metliylamiue.s, amiiionium acetate, oils of the aroma, tii; 
series, and tarry matter. ft is disti)le(l with (excess of lime, 
whicli r('tnins water, hydrolyse.s imuliyl acetate; into imdliyl 
alcohol and (xalcinm a(_’(*tat(‘, and to some extent decomposes tin; 
amines, 'flie distillate consists of methyl alcohol and acetone, 
together with ammonia and small quantities of amine.s ; for 
the eonqdi'te retention of these and of the ammonia, sulisi;- 
qiient distillation over a small e|uantity of sulphuric acid may 
be adopted. The most important point in the iiurification is 
the hydrolysis of the methyl acidMe, a.s the presence of fids 
body makes it difficult to get the specific gravity of the finislnaj 
produ(;t d(3\vn to the limit set, ]>y tlie Excise (see Jjrtuvl.ufjt 
Vol. II., (diap. IX.). The oils must be eliiniu- 
att u as completely as possible, a.s they cause the spirit not to be 
“miscible” — i.e., capable of nyxing with water without j)ro- 
ducing a turbidity. This .sejiaration is sometimes elFectefl by 
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diluting' with water until precipitation of the oils occurs, shakin" ^ 
u if,h infdtod paraffin wax, filterin^^, and distilling. 

The linished wooAnaplitlia (wood spirit) is nearly colourless; 
its specific giavity isH)-(S27, corresjamding with a strength of Gl® 
over proof. Itcfuitains 80 jier cent, of methyl alcohol, G per cent. 
ofatMitone, and 12 per <-ent. of water, besides trace.s of empyreu- 
niatie. products that give it a disagreeahhi taste and smell, :i.nil 
lit it for denaturing alcohol (.s(^e IhrAvhuj ixnd DistilHn<j, X’ol. I 1., 
<.'liap. IX.), which is its main use. The rest goes for aniliuo 
(‘itlour making O/.w.), as a solvent in varnish making, and for 
Inirning in lamps. 

Acetone, ((lll .j)./T), which is also an articles of connnerc(!, can 
he mad(' hy distilling the wood spirit over calcium chloride, 
whieh Ritiiins tin; methyl alcohol, hut it is generally prepared (for 
making cldoroform) l)y the distillation of acetate of lime. Pure 
methyl alcohol, 01I.,()H, may he reiu^vered from its ealeium 
rlilorid(! compound (Ca(T> . 4(1I I.,()11) hy distillation with water 
and suhse<(U(“nt deliydration with lime. The method generally 
u-(‘d, however, consksts in passing dry chlorine through boiling 
wood s})irit, whend»y th(‘ ac<‘toiie is converted into chlorinated 
products of high boiling point, and fractionally distilling the 
tnethyl alcohol from th(!se. The pure alcohol boils at GG" to 
G7‘' (J, (151“ to 155° F.); its specific gravity, wlion anhydrous 
and also when diluted with water, is nearly identical with tlie 
vidue for etliyl alcohol of the same strength, 

((/) Acetic Acid and Acetates. — The yield of acetic acid varies 
greatly ; the following are some figures illustrating this : — 

Olacial Acid. 

Lime, . . . 10 24 per cent., reckoned on the vood. 

Aspen, . . . .S'OIJ ,, ,, ,, 

I’iiic, . . . 5 (Jo ,, ,, 

liirch hark, . . 'i-gu ,, ,, 

For further information conemnitig acetie aeid S('e Viut'nnr. 
Vol. IJ , Chap. IX. 

The chief commercial acetates include brown and grey acetau; 
of lime, brown sugar of lead, and acetates of iron {p]iroliynit>’ of 
iron, iron liquor or black Vniuor). For the brown acetate of lime 
the crude pyroligneous acid is neutralised with powdered chalk or 
lime, and sometimes distilled to recover the wood spirit (v.s.), and 
sometimes evaporated directly to dryness, preferably hy steam 
heat, the .salt fished out as it separates and dried in kilns at a 
temperature of about 125'' C. --- 257“ F, Its colour is due to 
tarry matter. It contains 70 to 75 per cent, of real ^acetate' of 
lime, ((k,Pi 3 (.)o). 2 Ca, tin* balance being water, tarry matter, ’’and 
excess of lime as carbonate. The grey acetate is similarly j»re- 
pared from the pyroligneous acid that lias been once distilled 
to live it from tarry matter. Acetate of lime is used for the 
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manufacture of aceiic acid (l>y distillation with Mjl})huric acid), 
and other acetat(\'<, and for calico-printintjL 

Brown sugar of lead (cnuh- lead acetate) s the product of tlio 
n(Mitralisation of once-distilled pyroligncoiil acid with lithnriiP. 
The mixture is boiled and w ell stiri'ed, skimmed, and cryslallised. 
It is used i?» the ])re[>aiation of alum mordants (s(!e \ ol. 

II,. Cliap. Xlll.i. 

Pyrolignite of iron is a solution of ermh' ferrosoTorrie aec'tal*', 
eontainini; a lit tle pyroeal » cln*!, which drives it its black colour. 
It- is made by dissolving scrap iron at .a temperature of t\ 

I 19'" in crude py ndiuiieoiis acid of specilic gravity I O l, 
Tlu' li(pior is evapojated to a specilic gravity of* Id.'!, when it 
contains about 10 ))er cent, ol iivm. It. is used in Dycluij un<l 
C<if ico- Priutiny, \b»l. II., tdia}). Xlll. 

(c) Gas. — CtMuh' wood !:as eont.aitis .about ol! per cent, of ('<) ; 
when fret-d from (./() , the gas contains (X), Sl' j)er <s'nt.; ('ll,, 

II per cent.; ('.,11,, (I'To pei* cent,, and tin; balance niti'ogen. 
Cbis of this composition is of little illuminating value, and only 
S('rv('s for Inaating the r<*torts. X'h.at producsal by the distill.aiion 
of la^sinous wood — c.y., pine— juny, on t he other lia>ul, he rich in 
illuminants, l)ut is of no value till freed from CO.^, by lime puri- 
liers (see Cow (fas, Vol, ! 1., p. 7dj. 

The relativ<' <juantities of the products of the dcrstructive dis- 
tillation (jf wood at v.aryiiig (emperature.s have been det(“rmined 
by laboratory experiments m.'nh‘ by Jtamsay and (diorley on 
wood, on pure jute fibre, and on (‘otton wool (celhdo.se). They 
have incidentally noticed that when the wood or jute fihro is 
heated in a llask, surrounded by an air bath, a sudden rise of 
temperature in the interior of the flask to a point some 0. 
above that of the air bath, takes place at a tempeititnre of .about 
300‘' C. - 572“ F. They consider thi.s to be evidence th.at the 
destructive distillatioii of wood is accompani(!(l by an exothermic 
reaction. They have observed that at tliis temperature the pro- 
<lucts, which are .similar in the main to those obtaine<l on (he 
large scale, are formed in large.st quantity. At .700“ 0. - 9.32 ' F. 
the percentage of charcoal is considerably lower than at 3G(»' - 

GbO“ .F., ami the percentage of gas a good deal higher. The 
yield of iicetic acid is little influenced. Different woods gave a 
fairly constant yield of acetic acid byt no experiments with 
resinous woods were made. 

III. DESTRUCTIVE DISTILLATION OF SHALE. 

l^’wle is* a carbonaceous mineral which appears to have been 
formed fiom thb rem.ains of marine animals and plants, mixed 
with argillaceous mud, consolidated into a slaty mass. The 
Scottish shales, wdiich may he taken as typical of their c*ass, 
* Journ Soc. C.'it7n. hid., 1S92, pp, :}9.7 aufl .S72. 
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are below the coal measures, and accompany strata of marl, 
limestone and sandstorn'. The nature of tlie carbonaceous 
mutter in the shalekis unknown, but, inasmuch as none of the 
substances obtained W^y the destructive distillation of the shale 
can be directly extracted from it by solvents, it may be certainly 
stated that sucli substances do not ])re-exist in the slftxle. 

The average comjxisition of Broxburn shale is 0, 20 })er cent. ; 
1 1, p('r cent. ; 0, 0-5 per cent. ; N, 0*7 per cent. ; S, 1 *5 per cent, ; 
asii, 69*8 p(ir cent. The ash consists of silicates approximating in 
composition to a ferruginou.s impure clay, and is often toleralxly 
fusible. Tlu* main diHercnce between shale and oanmd (Utal 
consists in the percentage of ash, rich shaie.s approxijnatiiig to 
cannel iti their composition; tliis is well illustrated by the New 
South Wales “kerosem^ shale,” which contains only 8 per cent, 
of ash, and a splinter of which will burn like cannel. Tlie 
winning of the shale is conducted similarly to the winning of 
coal ; at Broxburn it crops out at the surface, but nowatlays 
has to he mined. The process of distillation difters from tliose 
previously considered in that it is conducted at a much lower 
temperature, and is, in most cases, aided by tlie injection of 
suptU’hraUsl steam. It must be notiul that tlie object of this 
distillation is the production of paraflinoid hydrocarbons, for tlu* 
oblainment of which the shale is particularly adapted, doubtl(\ss 
both on account of tlu^ sp(*cilic nature of the bituminous matt(!r 
piesent, un<i heeaust' of its being spread over a larger surfact' of 
inert matter (tln^ ash) tending to prevent coudonsation into 
btuizemi hydrocarbons ; should llii^ temperature be allowed to 
rise, sucli condensation would bmd to occur even as it does in 
th(‘ high tem})erature distillation of oils conducted for tlu' manu- 
facture of oil gas (Vol. 11., p. 81). 

The nature of Dio products may be gatlu'red from tli(‘ av(‘rago 


yield at Broxburn 

J’or cent. 

Volatile matters. 

( 'i iide oil or tar, 19 

.\mmoniaeal liquor, S 

(!as, 4 

'J’otal, — 24 

Non-volatile (spent shale). 

Combustible, .0 

Ash, . . • 67 

Total, 76 


100 

The apparent discrepancy between these figures* aiul /hose 
giA'en above for tln^ ultimate composition of tKe shale is to be 
accounted for by the fact that ^Iie injected steam is condensed 
with Die ammoniacal liquor, and increases the total amount of 
products obtained. 
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123. — Hf'itilcivor) slialc retort. 


A, A, Recorts; B, funuiee; C, Irt.Ltoin i)l;ite; \), pro-luets pipe; K, tirel>ii.:k 
arch; K, tine; (J, Hue gas pipe. 

tho two, of which the Henderson retort (Fig. 23) may b(‘ taken 
as an examplt*, flie retorts are closed vessels heated by a se])arate 
furnace into which the spent shale can be dropped by with- 
drawing the bottom plate of the retort when the charge is 
worked out. In the more modern type, such as the V'ourig and 


1U8 


dkstructive distillation. 


hninJ the lower part of the retort serves as a com- 

no ha d and fast dnsUnction can bn ,lra«-n between tl.c r.aort 
nd Its fuinace. II*,) details of construction will be readily 
CO, ,,,reb<.nd,.d from llm accompanying (igurea ^ 

ri'r'"'’"'' cSst-iron re- 

torts, o( winch a pair is shown in the ligure, A, A, 15 feet lone 



I’lg. 24.— Ynfnig and Bcilhy'a shale rrtort. 


, Upper part {iroa); B, lower part (lirebriek); C, phiee w 
is injected ; D, Hues; E, hopper; F, mains, 


wiiere air currer 


id of elliptical section (21 feet by 1 foot), with wall^ 1 1 inches 
lick, are set in a firebrick casing over a furnac^, B, divi(ie*d by 
vertical partition. They are charged from the top, and one of 
le »et is discharged into the lurftace every four hours by drawing 
ick the bottom plate, 0. The products of distillation are led 
r at the lower part of the retort by a pipe, D. The retorts are 



SHALE liV/rOUTS. 


109 


protected from direct contact wiili tlie flame by the ilrel)i ick 
arch, E, tlie furnace i^ases passim,^ up the line, F, and finally 
esea])ing by the pipe, G, whicli is at the tot tom of the furnae(>, 
and of small sectional area in or<ier that|tli(‘ draught may be 
sufliciently gentle for th(! combustion of the spent shale, 'flie 
non-condei«sable gases from the distillation (r.i.) are also turned 
into the furnace tliroiigli the pipe, IL Superheated steam is 
admitted to the retorts by the pipe, K, to aid th<‘ process of 
distillation. 

Fig. 24 shows the Young and Feilhy nlort, wliich, like (ho 
Henderson, is set in groups of four, and consists of an upper 
]i!irt, A, of (‘ast iron, some 9 fe»‘t long, ciicular or elliptical in 
section, placed above a lirel)rick portion, 11, about 8 feet long, of 
oblong section — 1 foot 11 inche.s by 10 inches at the upper rnd, 
and 2 fec't 0 inches by 12 inches at its widest point. The ends 
are ( urved outwards to admit of the discharge of the consnim'd 
.spent shale at the si(l('. Tlie destructive distillaiioii of the shale 
takes place in t in.' u})per cast-iron part (»f the retort, and by t he 
tinic tli(‘ material reaches the lower lirchrick portion it c(m- 
tains nothing hut V ti.xed carbon,” which is tlxrni consumed by 
a < urrent of air injected at G. Steam is also Idown in at these 
points to aid in the production of ammonia (tm.), and, in sonu' 
forms of plant, supplementary (‘xternal heating is adopted by 
burning producer gas in tbms (D) surrounding the retorts. 

The admission of air without st(‘am into the; retort would be 
more elleetive as far as producing heat for tln^ oil di.stillation, 
which takes place in the upper part of the retort, is eonc(!rned, 
hut the use of steam is necessary to favour tln^ ])rodnction of 
ammonia. A multiple lioppcu-, K, serves for fet.-ding tin* retorts, 
which are worked continuously; the products of the distillation 
pass through the green shale in the hopper, serving to raise its 
temperature, and into the mains, F. 

Tlie Piunpherston retort represents an improvement on tlie 
Young and J’eilby. It is cliiefly characterised by its large 
size, its length being 30 feet, with a rliumeter of 3 feet, and 
an internal capacity of 110 cubic feet. Kach retort is healed 
independently, and the temperature of the <listillation is con- 
se(jnontly easily controlled. The gases e.scapirig from the 
condensers {I'.i.) suj'ply the wliolo of^tlie fuel necessary, the 
quantity of the.se ^ases produced being estimated at about 
l^bObO cubic feet j)or ton .of shale. 

It will he rioted that modern practice in shale distillation 
is tending to the use of retorts analogous to the common gas 
prod^icer >^orked for the production of oil and ammonia as the 
main products, ^nd, therefore, driven at as low a teinjx^rature 
as possible, so as to coniine thg combustion to its lower ^lart, 
and carry on distillation in its upper part. 

The general system of jilant for the recovery of the products 
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of distillation of shale resembles that used in the manufacture of 
coal ^^as, particular care being taken to recover the oil f equivalent 
to gas tar), which is the main product of the process, rather than 
the gas, which is {)f fubsidiary importance being mcrelv biii'iied 
under the la^torts. 

PRODUCTS. — The jiatureof these has been already indicated 
the oil being the most important may be considered 

first : — 

id) Crude Oil or Tar.-— This iscollecttsl from the <-()ndensers 
(which an; air condcnscms ; see p. 71), and amounts to some 
.')() gallons f>er ton in the case of the nroxburii shale. It is of 
greenish colour, and scuni-solid from tin; presence of paraiUn 
wax. 

Its quality depends on the class of retort used; that from the, 
old vertical retorts and the Henderson has a specific gravity of 
0-S9, and is more tarry — that is, contains a larger ])rop(U'tion of 
ovmdieated and coked products ; this is shown by its leaving 5-10 

f i(T cent, of coke on distillation, which is, however, valual)lo as 
leing free froin ash and sulphur. The tar from the jiower forms 
of nitort (Young and Beilhy) has a specific gravity of 0‘S7, and is 
so free from tarry niattiu* that it may be worked as once-run oil 
(v.i). It is separated from ammoniacal liquor in settling tanks, 
and is pumpisl into cast-iron stills holding up to 2,000 gallons, 
and resembling tar stills (p. SO). Krom tlnxse it is distilled as 
far ns possible, vvlnui it is known as once-run oil ; but in modern 
practice the crude tar is distilled continuously in sets of three 
oblong stills with arched roofs and concavi; bottoms. In the 
first still the distillation is carried to the point when the fraction 
known as “green naphtha” (specific gravity 0‘7d3) has cenne over, 
tln^ residual oil being passed into the second still where the 
<listillation is carried to the ))oint when h(*avier oils, ofsjiecific 
gravity about 0'83r), come over ; after this the remaining oil goes 
into the third or coking still where the distillation is carried to 
the coking point, the distillate ranging in specific gravity from 
0'8r>0 to O-Ofif), By this method the first two stills do not have 
to be stopped fur clearing, as all the coke is deposited in still 
Ko, 3, which is used in duplicate so that one may be running 
while tlie other is being cleared. The fraction from the first 
still (green naphtha, specific gravity 0’753) corresponds with the 
first fraction (naphtha) fnun the rcdistillation of the once-run 
oil when the old intermittent process, similar to tar-distilling 
(p. 80), is used. 

This fraction is purified by successive treatment with caustic soda 
and sulphuric acid, and is markettal as sohnmt na]>htlra (benzine 
or beiizolcne), or is used on the works for purifying ]mraffiu wax. 
The description of the further operations applies to the continuous 
process, the older intermittent process being similar in principle. 
The heavier fractions from stills 2 and 3 (green oil) are mixed 
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and redistilltd to obtain two fractions, liglit and heavy oils. J’he 
light oil is oltraim'd l)y dislilling until a spci-itic gravity of about 
0'Si)0 is attained; this oil yields the illuiuinat iug oil, of whic h 
tlu're are several grades, distiuguislual Icy t^eir sjua-ilie gra^ ilv, 
and for the obtainiuent of these t he liglit oil is rialist il le<l. The 
liull; of cSeo#('h illuiuinat ing paraffin oil ranges in sjuvilie gra^ i^y 
fi oui O SOO to Q-cSl'O, and is similar to Aiuerieaii ken*seue as an 
illuminafit (V/.r.), hut has usually a higher specalic- gravilx and 
llasliing ]>oint (sec* /Wro/cnno Vol. II., (!lia]>. \ .). ( 'heiuicall 

the two ililler on account of tlu* largc'r pro|K»rtion <»f oh'iines in 
shale oil, as indec'd is indii-ated by its odour. Tin* h(■a.v^■ oil 
contains the; {jaraflin wax, and is cooled until the “crude scale” 
s(‘]»arates; this is removed by a iiltcr prc'ss. and the still licjuid 
portion, ‘'blue* (til,” cooled again fora furt her yic-bl, 'I'h'- blue! 
oil is then redistilled, .ami the frae.lion tiaailed with e.austic sodti 
and suljchuric acid to obtain t he dilferent gracb-s of lubricating 
oil. ranging in specific gravity from Oa'^br) to 0 !'()0. 'I’he ii-eat- 
nient of the* blue oil (this applies also to flu* lighter illuminating 
oils) (‘(insists in agitating it in wrought-iron tanks first, with the; 
strongest vitriol (the concentrated acid not .acting on tlie iron) 
feer a feew hours at a tempe ratunc as low as practicalde, to avoid 
acting on the olefines, and .allowing it f o s(‘tf le ; flu* acid combines 
witli basic impurities, and tin* (pianfity must be regulateil to 
remo\(‘ these without ait.aekiiig the ol(*fines, which are more* 
('jisily attacked than an^ liydrocarhons of (Inc paraffin .s(*rif\s. 
'file selth'd niatfei- is known as “black tar''or “vitriol tar.”;uKl 
is rnn off from b(*low and used again, slmuld the system of distil- 
lation adopted involve the production of a cruder oil at. an (‘arlier 
st.ige; in tlu* contrary ease it is waslu'd will) hot watei- to j‘<unovi* 
the suliiliurie .acid, .and inj(‘ete(l, togetlu'r with stcaim, into tluj 
furnaces, serving as ti fuel. Another jilaii, sugg(*.st(Mi hv Itave, 
consists in treating the-tar with iron l)orings, and ol)taining .as a 
lin.'d ]»roduct a hituniinous snh.stama* useful for c(jaf,ing hatl(*rv 
t.anks and for makiiig varnisli. d'lui acid waslied oil is treat, (ai 
with caustic soda (sjiecifie gravity I 'l;, which removes acid im- 
purities. It is black wlieii tlie (rcatineiit has been properl v 
conducted, but otlmrwise may be a white gelatinous mass (see 
PetroJemn, Snlidijication of^ \'ol. I., p. 138). As the impuriti(*s 
removed In* S(j(l;i artf jilicnolie }io<iics, they may be recoverfai liy 
precipitating tlie soda solution with C(l„ the resulting sodium 
ear}M)nat(^ being caustieised and used again. The finished iulu i- 
ca?ing oils appear to owe tlieir properties to the pnjsenee uf 
iso-parafhns, Die normal com[)ounds being poor lubrie.ants. 

Par.dlin Scale or crude paraffin wax is the most valuable 
and v-iiaracteristie constituent of shale oil. The solid pt^rtion 
of the heavy oil, separated by filtration, is submitted to om^ of 
three processes. One of these consists in heating it with vitriol 
•at a temperature not exceeding 60' C. = 140“ F., then with 
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caustic soda, arid finally thoroughly washing with water, the ^ 
object of the process b(*iug to attack the oily products and 
leave the crystalline wax. Another, which is more often em- 
ployed, is that in yhich the scale is crystallised several times 
from shale naphtha tin; solution being tilterc'd tlirougli 

animal charcoal or similar d(?coIorisirig ag(mt, and t)i^ crystalline 
mass [tressed to get rid of the last of the solvent. Tin; rationale 
of this process rests on the fact that the paraffins of low melting 
p(t)n(. are more .soluble tlian those of high melting point. Tlie 
tilled is a firoee.ss of liejuation, or “sweating,” and is etfectcal by 
casting the crude scale into thin cakes and compre.ssing it iie- 
twoen mats of cocoa-nut fibre in Intt presses, the more fusible 
substances lining thereby exjin'ssed. The chief use of parallin 
wa.\ is in candh^ inanufa(;ture l>ut it is aLso used as a 

waterproofing material for matches, paper, etc., and as an (dec* 
trieal insulator. Wlum put An the market it should bc' white 
and w(dl crystallised; its price is greater the higher flie melting 
point, wliicli ranges from 15" t() GO" t.t — IIG" to l tO“ F. 'I'lie 
uvt*r;ige yiidd from (aanle shale oil is as follows: — 


Naphiha, 
Illiimiiiiiting oits, 
Luhricatiii:^ oil.s, 
I’aratlin wa.\, . 
Toss, 


A [HT rrnt. 


17 


lOO 


(h) Amraoniacal Liquor.— This mainly differs from gas liquor 
in <-ontaining a smaller quantity of sulphur comjiounJs. It 
amounts on the average to Gf) gallons piT ton of shale, whudi 
quantity may be increased to 120 gallons per ton when mubdi 
steam is used in the distillation. The amount of ammonium 
sulphaic obtained from the liquor varies with the type of retort 
used, the Ili-iulerson yielding from IG to 20 lbs. ptm ton of shale, 
and tiio Young ainl Beilby twice as much, the (juantity btdng 
further increased by the ammonia recovered from tlie producer 
gas msod as .an auxiliary source of heat. The distribution of 
the nitrogen of tlie shale is about 20 percent, as ammonia, 00 per 
cent, in tlie spent shale, and the remainder in the tar and gas. 
Ill processes like that of Young and Bcilhy, wliere the spent 
shah' is treated with steam, a portion of the nitrogen is remov^ed 
and increases the yield of ammonia. The bulk of the ammonia 
in tlie liquor is as carbonate ; tlio liquor is distilled in a column 
still (see Brewing and Distilling^ Vol. II., Chap. IX.), aivi the 
ammonia passed into sulphuric acid, which niAy be that which 
has been recovered from the ijcid tar. The general proces.s of 
rnrfking ammonium sulphate is similar to that adopted for gas 
liquor (p. 84). 
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(c) Gas. — The gas evol v»*(l in distil lation contains hydrocarljous 
of the paraffin and olefine serie:^. About 2,000 cubic feet, p-n* ton 
of shale are obtained at Broxburn. By passing fhe gas tlirougli 
senibbers. kcjtt moist with lieavy oil, nearly ‘1 gallons of gasolone 
(a mixture of light hydroearbons) can be obtained per ton of 
shale. Tli^ gasolem? is reeovere j by beating tl)o oil used to 
colleec it, and is employed for earlmretting air for illuminating 
purposes, 'fhe rest of the gas is ii.sed for firing the retorts arul 
lighting tiie \s'urks. 


IV. DESTRUCTIVE DISTILLATION OF BONES. 

The main olijc'et of bone, distillation is tln^ production of 
animal charcoal (bone black), valmdde bye-protluets being oiks 
and ammonia. It will be. s(‘en ladow tliat the organic portion 
of the bone is comj>arntively small in amount, so that the coke 
is rieb in mineral matter, containing only about 10 per cent, of 
carbon. Bom': a|)pears to lx* a cartilaginous ti.ssue wbicli lias 
become impregnated with calcium pliospbato and carlmnate, 
removable l)y treatment witli dilute bydrochloi io acid, tin' 
original skeletal mass ot' organic matter being left. 'I'lie com- 
position of bone varies with the kind of animal — and its 
condition .and ngi' — from which tlie bone ba.s bee'ii obtaine(l. 
The t'ollowing is a r<'jn‘esentative analy.si8 of dry bone: — 


I’l r 

F.it, 0 

Mtrngeiious matter (Os.seine), ‘28 

Mineral rnaltor, . . G6 | 

100 


consisting of calcium plio.spliate, .HO 
])er cent. ; calcium carhomite, 8 per 
cent. ; niagiieflium plioshate, 1 per 
cent. ; calcium lluorid<i, 1 per cent. 


The water varie.s, abbut 20 to 25 per cent. Ixung an average 
amount. The fat i.s extracted either by melting it by heating 
with steam, w'ith .sub.sequont addition of cold water (which 
remove.s d to 5 per cent, of fat), or by dissolving it in volatile 
solvents (which extract t‘> to 8 pmr cent, of fat), such as light 
petroleum, carbon bisulphide, Ac.; it is used for soap making 
(r/.?',). The fat-free bone i.s either used as manure (p. 121) or 
boiled for glue, which process converts the osseino into gelatine 
and extracts it, the boiled hones being used as manure. The 
f^-free bones from which the o.sseino has not been cxtractml 
are those used for bone-black manufacture, for which purpose 
th(iy are carlwnised, according to Continental practice, in 
COVf iron or fireclay pots, the products being allowed to 
escape, partly on account of the difficulty of separating them 
from the furnace gases, and partly because the most volatilo 
^constituent (ammonia) is decomposed by the high temperature 
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tsmployed. Tn this country, the distillation is usually carried 
out in iron or flnaday n^lorts similar in most res[)(?cts to coal- ' 
gas retorts, the charge varying from to cwts. ; the products 
an; collected in comjpnsers similar to those used in gas works, 
and may lx; considered under the following h<*ads 

(a; Charcoal. — This contains a very small quantify of carbon 
spread over a largt* surface of mineral matter. The following 
analysis is due to Me.wlands l>ros. ; — 

I’or (Tilt. 

“Carbon,” 

Calcium and magnesium phos- 
[iliatea, calcium fluoride, Ac., 

(-’abaum carbonate, 

Calcium sulfiliatc, . 

Ferric o.vide, .... 

Silica, ..... 

Alkali salts, .... 

100 00 

Moisture originally pre.s(;nt, 8-00 j)or cent The yield of “char” 
should be about 05 per cent of the original bone.s. It is cooh;(l 
in covered vessels, and passed through a magnetic separator, 
■wliieh removes metallic iron accidentally present, this being 
objectionable to tlie sugar refiner. Tin; higher temperature in 
the pot method of carbonisation cause.s the charcoal to bo of 
bett(;r quality than that produced in retorts. Be.sides its appli- 
cation in sugar refining, the charcoal is used for filtering and 
(h'colorising water, oil, paraflin wax and glyc(;rine. The pignnmt 
called “ivory black” is generally finely-divided bone black. When 
once exhaust(;d in these various use.s, bone black can he revivified 
by burning, and this process can be repeated several timo.s (see 
iSu(/ar, Voi. II., Chap. VTll.), but the char ev(;ntual]y becomes 
spent, wlien it is sold to tin; manun; maker. 

{fi) Oil . — Bone oil {^DippeVs oil, animal oil) is derived from 
the osseine and any n'sidual fat there may be in the bone. 
The former is highly nitrogenous, as shown by the following 
tigures: — 

C, 

FI. 

N, 

O, 

lOO'OO „ I 

Bone oil is, therefore, richer in nitrogenous derivatives than is 
the tar from coal, wood or shale. It is a dark-brown liquid 
(specific gravity 0 9 14 to 0*970) of offensive smell, and amounts 


50‘4 per cent. 
(Vo 
ItVD 
‘26*0 
0-2 


10 'll ^ ‘‘‘'"Fiaining 10 por cunt, of 
\ its weight of nitrogen, 

80-21 

8-;)() 

017 
0 - 1 -2 
0 ;?i 
():ii 



PHODVCTS OF DISTILLATION OF 150NKS. 


116 


to 3 to 5 per cent. ui the hono.^^ c.-irljoniseil ; it eontiiin.s I’atty 
iiitrilrs, j)yrrol and its methyl (leriviitivos, hydrocarlxMis of iIm* 
series 0,i Uln-A. various compound ammonias and pyridim* bases. 
It IS is'distilled, wlion much timmonia in tin* form of carltomite 
and cyanide conuas (>11', too,‘ther itl» tin* oil, and a Idack resimnis 
tar remain.'^and is used for making Brunswick l)laek. 'I'lu' oil i.s 
tioM usrd, on the ('ontimml, for denafurini: spirit, ami a .small 
quantity is wot'ketl up for the pyrrol. (’,11, Nil, it contains, whieh 
is converted into It'lraiodopyrrol, (’,I^N I1, em])loyed ;is an anti- 
septic in plac(‘ of iodofortn. 'I'lie richness of (In' oil in pyridine, 
C-ll-N, and .similar bodies, to which (In' veo('table alkaloids tire 
closely allied, opens uj) the ])rosj>eet of synthesising the.se Ia(t(‘r 
from hone oil. Coniine (thi' alktihu’d of ln*nilock) has been 
already prepared from picoline (nn'thyl pyridine), obtained from 
boiie oil. At ])resent. on account of tin' hrtid odour of the oil, 
it is mostly burnt under tin- retorts. 

(c) Amraoriia, — At oin^ time the distillation of bones was the 
chief source of ammonia, but its imjtortance has decreas<‘d since 
the hirth of coal-ifas manufacture. 'J'ln* proportion of ammonia, 
reck'ojied !is ammotiiiim sulphate, i.s about (» to 7 p('r ct'nt. of t he 
’.\eieht of the bones distilled. 'I'lni result in<( Jiinmonium snlj)h!i(e 
is usually hi^dily coloured, from the prc'sence of pyrrol red. 

{'/) Gas. — A good deal of gas (tf high illuminating po\v(‘r is 
given otf during distil’a(,on, hut it contains too much sulphur to 
he readily |iurilied, and i.s, therefort', burnt at the work.s (*ither 
for lighting or for heating retorts and boilers. 
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CITAPTEU [V. 

ARTIFICIAL MANURE MANUFACTURE. 

A MANURE is a substance designed to supply one or more, of 
tln! essential constituents of plant food, and, wljere necessary, 
to improve the physical condition of tint soil to wliicli it is 
api)lie<]. Tlui essential constituents of plant food must contain 
th(i elements (!, if, O, N, P, S, K, Ca, Mg, Fe, and probably Si, 
('1, and Na. Of these, C, 11, O, and some of the N are deriA ed 
from air and rain ; most of the nitrogen and the remaining 
elements being obtained from the soil. Almost every soil con- 
tains enough Ca, Mg, 8, Fe, Si, Cl, and Na for the growth of 
a full crop, hut N, P, and K are often present in but small 
quiuitity, and become exhausted hy the removal of farm produce. 

A gonoral manuro is usually understood to be one whieli 
can supply these tiin'e constituents, hut inasmuch as some 
crops either contain an oxtx'ss of one or other of these, or are 
bett(U’ able to obtain some one or other of them from the 
soil, than are other crops, it is frecpumtly economical to a]>ply a 
special manure to nusot the needs of s\ich crops. For what is 
known as to the rec|uir(!ments of individual crops, a W(.)rk on 
agricultural chemistry must be consulted. It tlius happens that 
special manures are divided into phosphatic, nitrogenous, ami 
potash manures, Jt is n(‘ccssary, in order for a manure to be 
etheient, that it shall not oidy contain the re(|uisite constituent 
or constituents of plant food, but that the nutriment shall be in 
an assimilable form, and it has been ascertained that in whatever 
condition the plant food may he actually absorbed, the absorje 
tion occurs the more rapidly the more soluble the food con- 
stituents. 

(A.) PHOSPHATIC MANUBES.— The only abundant 
form in which phosphorus is found, is as the various forms 
of calciuui phosphate (phosphate of lime), and, to a smaller 
ext(mt, as( aluminium and iron phosphates. Of these, the cal- 
cium pho^pliates can better supj)ly phosphorus to the plant 
than can iron and aluminium phosphates, probably he, cause 
of the greater ease with which this compound is dissolved 
by feeble acids — ^a/., carbonic acid — and by saline solutions. 
Deposits of calcium phosphate are widely distributed. The 
most definite mineral containing calcium phosphate is apatite, 
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^3Ca,,(PO^).> . CaOl, or ‘U V(PO^)., . OaFo, both varieties being 
known. It conrains 70 to 80 per cent, of calciinn phosphate. 
Tlie less nearly pure apatites, known as phosphorites, are 
obtained clii(*lly from Kstraniadura (cont.ii ung f)0 to 70 per 
cent, of ( 'a. .(P< and from Canada (containing 70 to 80 
per (cnt. tj? They are associated with qua!l/. arid 

calcium carbonate. Other dt'posits of calcium phosphate, h ss 
disf inctly characterised as miner.abs, are found in ('arolina, (he 
AVest Indian Islands, Franc(‘, Cermany, ami Pelgiiiiu, and in 
(Aviiibridye and Suffolk, 'riu' form known as coprolitos, siip- 
[xj'^t'd to lie f<jssilisetl animal exma^ta, oeeui’s in iMiglarid and 
braiice, the ('ambridge <b']iosi(s Ix'iiig (lie: best (h.) to (.)(( p'U* 
ccMl. t ’a,,( rOj),). 'i’lie South Carolina pli<ksjiliat.(‘ is known as 
“land phosphate” and “river pliosphato,” the lattei- being 
obtaimal by dredging. West Indian pho.sphates, or Oariiibean 
pliosphaies, are not all available for sujierpliospbate manul’ai'- 
tni'e (e.n), a.s some of them eruitain mneh iron and almninium, 
lli(' vai'iety known as Ibalonda pbosjiliale Ixung mainly ahiini- 
niuni phospliafe. Idudr use is consecjuently limited. Floinbi 
plio.s])hates e.xiit in tlie foini of jiebbh's, and m.assiva* as rock. 
They vary considerably in rielmess- c._f/., 00 to 70 pm- cent. 
Ca ( P( )^),j for pchble.s. and 7;'» (.o 80 ja r cent, for rock. 

Tlie.so pliospliat(‘s, ('ven when vei'y finely ground, are but 
slowly assimilated liy plant-, and .-ire, llierefbre, almost, ex- 
clusively used for making superphosphate, the proces.s consisting 
in treating tlieni with suljiliuric acid in oi-dei- to realise th(j 
eijuation — 

Ca;j(POd2 + -MfiSth = ‘JCaSO^ i < a I I’Odia 

Siijd-ijili'i.' j.lmtc 

as nearly as is practical d(‘, Cal 1*( f^)., l>eing solubhi in water. 
Caleiuui carbonate, a common impurity in jiliospliates, consuim-.s 
sulphuric acid in tlii.S'trmatment, Otlnu- oliji'ct ionalile impurities 
in phosphates are tlio ferric oxide and aiuiiiin/i, l»e(;ause both 
oxid<s form insolidde jihosphates, so tliat tin* ]irop(n'tion of 
soluble phosphate in tlie pn^jiannl super[>l(osphate is dimin- 
ished by their jiresence. Yai ious plans liave b<*en jiroposed for 
i-eiiKn'ing calcium carlxniate c.y., treatment with aVaipieous 
solution of Co., or SOo, in Avliich (adcium carbonatfi is solulile j 
or by caiisticising the lime ])y lieat, and acting upon it witli 
an amnionium salt — tlie cliloride — the. ammonia being i-o- 
^ivered. Redonda piiospinito (e.ssentially AlPO.j) has been 
converted into an aA^aila})]e form by treatment witli sulplniric 
acid, yielding aluminium sulpliate and pbosphoric acid, or by 
hea' «ig wi*th sodium cliloride and superheated steam, whereby 
a portion of the phosphoric acid is converted into sodium 
pho.sphate. 

The Aariation in the composition of commercial phosplfates 
may be gathered from the following analyses {W arvufjion ) : — 
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Canadian 

(Al>:ititL-). 

S. Candlna 
(River rhosidiate). 

Coprolite 

(Canibriiis;e). 

Water, 

( 0-4 

‘2-3 

4 0 

Ca.3(l’()4)j, . 

Sd'O 

56-3 

58-1 

(3 and F, 

:i*2 

3 4 

*... 

SiOo, . 

10 

14 0 

8-2 

(JaO, . 

7-6 

10 -a 

11-0 

MgO. . . 

F(.'2().-» + FeO, 


Of) 

1-0 


2-2 

2-2 

Ah, 03, . . 


1*3 

20 

S(),„ . . 


10 

0-9 

CO2, . . 


4G 

6-8 


Small quantities of minor impurities are also generally present. 
“Superphosphate” is a mixture of calcium sulphate as gypsum 
with the acid pljosphate of lime, C'all.,(l’C)|) 5 , which is the 
essential manurial constituent. The crude calcium pliosphato 
to bo converted into superphosphate should be, as stated above, 
as fnio as possibhi from iron and aluminium compounds (not 
more than 3 per cent, of ^ 021)3 + AI 2 O 3 ) and from calcium car- 
bonate. The material is ground very tinely— e.^., to pass a sieve 
having 80 meshes ])er linear inch — and is charged intermittently 
in 4 to 5 cwt. lots into a mixer consisting of a lead-lined wooden 
tank, provided with an agitator, where it is mixed with chamber 
acid (vitriol of specific gravity 1'53 to 1'61, containing 62’53 
to G9"13 per cei»t. lIoHO,)? required from an adjacent 

tank. The ({uantity of acid needed varies with the composi- 
tion of the phosphates, 13 to 18 cwts. per ton of phosphate beini; 
the usual limits. The mixer is built above a brick chamber 
known as the ‘‘pit” or ‘‘den,” and into this the somi-duid mass, 
after it has been agitated for a few minutes, is discharged 
through a shoot. The tmnmn-atun* of the mass in t.lio i»it 
rapidly rises to 110"0. = 230" F. Much gas is evolved ((X\, 
HOI, and HF), and soHdificalion sets in. The gases an' drawn 
off throngli Hues, and pas.s through a scrubbi'r, necessary on 
account of the objectionable character of HCl, and still more 
of II F. When the pit is nearly full, one of the sides, which is 
of wood and removable, is taken down and the product dug out 
and jiassed through a disintegrator, wlierehy it is reduced to 
powder. Wlieii mixtd manures, such as “ grass manures,” are 
being made, potash .salts and nitrog<mous materials are mixed 
during passage through tlie disintegrator. The proportion of 
sulphuric acid used in making a .superphosphate is generally as 
gn'at as possible without impairing the drync.'^s of the finished 
manure. It is usually more than suflicient for the realisation 
of the equation given above. It is now supposed that the re- 
action which occurs takes place in two stages, the sulphuric acid 
first liberating an equivalent of phospheric acid, which then 
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reacts with the reiiiainmg Cay(POj)o. Tlie presence of calcium 
sulphate tends to solidify the mass by combining with 2 mole- 
cules of HoO and sotting like plaster of Paris. 

The value of a super})hosphate depends its content oi phos- 
phoric <K‘id soluble in water, which is commercially called “soluble 
phosphate^ — i.e., the amount of phosphoric acid found, t)n analysis, 
to be soluble, is calculated baek to Ca,.(PO^).„ An ordimiry super- 
phosphate will contain 21 to 30 p(‘r cent, of solubhj phosphate, 
40 to 15 per cent, of calcium sulphate, and 2 to 3 per cent, of 
insolubh' pliosphate. Attempts have hecn made to jiroduce 
suporphosphate.s containing more soluble phosphoric acid than 
the (juantity mentioned above, in orthu* to sav<! carriage ; thn.s 
“double superphosphat(‘ ” is made by extracting an ordinary 
superphosphate with water, removing the calcium sul})hate by 
means of a filter ]mess, and eva))orating the liquor with untreateii 
pliosj)}iate of a (juality easily attacked by pbo.sphoric acid. Siuth 
jireparalions may contain 80 to 00 pcT cent, of soluble ]ibospbate. 

When .superphosphate is k(*pt, a portion of the soluble phos- 
phate become.s insoluble in water owing, it is 8uj)po,s(Ml, to the 
iritt'raclion of calcium superphos|»hate, and normal 

calcium phosphat(‘, ()a.(POj)„, thus - 

CAW^iVihh 1 CaialfdOa ^ 4(;alir(>4. 

A further action, which has hecn already mentioned, occurs 
betw(‘( r\ the f(*rric oxide ami alumina contained in crude plios- 
jihato and a })orliou of th<^ phosphoric acid, insoluble ferric 
]ihosph:i(o an<l aluminium phosphate (AIIT)^) being 

formed. .Ahlnmgli .sindi “rovortod phosphate” is insoluhh* 
ill water, it is more solubh‘ in saline .solutions — c.//., ammonium 
citrati' solution- -than i.s the natural plio.sjdiate, and 

is reckoned as possessing a. certain manurial value. Tlnsse points 
have to he taken into consideration in the analytical oxaminatioii 
of superpho.s|)hate. 

Precipitated Phosphate.— Wlnm a mineral phosphate will 
not pay (or conversion into superphos[)bate it may be used for 
the productif)!! of precipilatcd phosphate, which consists mainly of 
“(licalcinm phosjiliate,” ('alllM)j. 'I'hc* prepar.'ition is con<liii;ted 
by dissolving the phosphate in hydrochloric acid, sullieimtiy 
dilute to h’ave siliceous matter and much of the oxides of iron 
and aluminium undissolvod. d’he ffolution is neutralised by 
lime or chalk, when the {)recipitated phosphate is thrown down, 
it has been proposed to utili.se alkali waste (calcium suljdiidc-) 
for this precipitation, th(; jioint of neutrality being discernible 
b ^he formation of Fe8; tlie II.^S evolved is collected for use 
as a sourc(' rf .sulphur (see A//:alf, Yol. II., p. 33). As 
already stated, this form of calcium phosphate is more valuabh; 
than and, being precipitated, is very tinely di>iidi‘d ; 

it contains up to 40 per cent, of FoO^, and is much used abioaci. 



120 


ARTIFICIAL MANURE MANUFACTURE. 




Basic Slag. — It has been found within recent years that the ^ 
phosphatic slag from the basic process of steel-making possesses 
considerable value as a fertiliser. The content of P 2^5 varies from 
10 to 25 per cent., the average composition of the slag is — - 


For writ. Per ciMit, 





17 » 

AI2O3, 



t 

•2-0 

CaO, 

MgO, 



49-6 

4-7 

• MiiO, 

S, . 




4 0 
0 ’5 

I’cO, 



9-8 

SO3, 




0-2 

l’eA>3. 



4 1 

Si02, 




8-0 


According to IT ilgenstock, the P.^Or^ (;xi.sts as a calcium phos- 
phate, of the composition indicated by the formula 40a0.Po05. 



Pig. 25.— Ball gimdiog mill. 


A, Drum ; B, steel balls ; G, sieves ; D, iron plates. 

This substance is more readily soluble in saline. solutions — e.p., 
ammonium citrate — than is Cag(P 04 ).j, to which the fact that basic 
slag iti more efficient as a manure' than mineral phosphate is, may 
be attributed. The slag is, however, of little value as a manure 
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^nnlpss it be very finely ‘rrouiul — 80 per cent, of it siunild 
pass a sieve having 100 nu“.slies per linear incli. Tlie atUiinnient 
of tliis condition constitutes the preparation of tin* slag inr the 
market, and is expen.sive on account ol th«' hardiu'ss ol tlie 
malerial. (irindiug is connuonly pcrfm-iai'd by a l)all mill slmw n 
in Fig. 2 . 0 , ^liidi consists essentially ol a drum, A, tin* iniu r 
surface of wliich is polygonal ; th(‘ drum contains a ninnlK'i’ ol 
balls of cast steel, li, of \arious si/cs. liotalion ol the drum 
breaks up the .slag 1)V the rolling and jau'cussivc action ol tho 
hails, and tin* c<iiiiniiniitfd mattu ial is systciiiat it'ally scp:iral« <i by 
sieves, (\ in tin: side's of the drum. 'Die .''ie\'cs wliicb elVe< t the 
final sejiaratiun arc protected trom direct ctuilact nitli tlu' balls 
bv the jH'rtoralcii iron plates sliown ai Ih 

Bonos.- -T]i(‘S(' are of inannrial value mainly on account, ot 
llieir phusphate.s', but they also I'ontain nitrogenous mattt^r. 
'I’he average rom|'ositio)i of dry 1)ones is — 

U. r (Till. 

i'al. ... (1 

A’itn)-t'nr)iis inatirf. ‘Js 

iioii'ioing uf Ca.-itr* M:;. P^’r Ci jiL. ; 

Mineral inattci’. . (i<> ' * •»< l"‘i' ‘ciit. ; Mg;j( Ft >4 ).^, 1 [ht 

- f cent.; t'aFo, I [»ir cent. <)('». 

K.IO 

Fresh bones eontain about .‘h7 ])er cent, of nitrogen ; they de- 
compose very slowly when used as manur<‘. Wln-ii tlie )»f)m;s 
are previously ferm(*nlcd in heaj»s, the nitrogenous imitter 
becouK's more readily assimi]al»lc. 

Bono Moal. — l>om?s are also more available as manure when 
they liave ])e(m steamed for tin; removal of fat (.see DcHlriirflm 
distHhition^ Vol. 1 1., p. 113). Boiled bones wliicli have jcissed 
through the glue-makers’ hands (sca^ Vol. 11., dhap. X \’ I.) 

contain a smaller jtroportion of nitrogen (1’4 per c(*nt. X) tlmn 
do raAv Imnes. The boiled bones can be moia^ finely divided 
than is represented by the condition <»f hon<- meal; tlie lino 
pi'oduct i.s known as bone flour. 

Dissolved bones i.s tlie jnodiict of the tre.atmenl of bones 
with sulphuric acid. Bono ash is much import'd from 8outli 
America, and is u.sed for making Idgli-grade superpliosjjliates, 
whicli contain about To j)cr cent, of sofuble plio.spliate. Oom- 
parisons made between tln^ four pljosphatic manures wliich liave 
b^n described, show tliat they are available in the first year 
according to the following ratio — 


Supcf];)hos]iliate, , 


100 


Finely gt'oufKl basic slag, 


()] 


.Steamed boiKi meal, 


10 


Ground coprolite, , 


0 

• 


Jt must be remembered that such portion of phospliatic manures 
as is not used in tlie first year i.s available subsequently. 
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(IV) NITROGENOUS MANURES.— Ammonium Sul- 
phate. — This is obtained as a byr-prodiict in the destructive* 
distillation of coal. Its pn^paration has been described in tiie 
secti(»n <»n gas nia^^ufactun*, p. 85. Pure ammonium sulphate 
contains 21 *21 per cent. N, corresponding with 2575 per cent. 
NH.j, and is a colourless .salt. Tlio commercial prialuct vai ics 
in colour from grey to brown, owing to the presence of tarry 
matter, and is sometime.s yellowish from the presence of As.^S,, ; 
this body is h)rinod by the action of the HoS from the gas liijuor 
on tlni ars(mio present in the sulphuric acid in which the am- 
monia was absorbed. Commercial ammonium sulphate usually 
contains about 24*5 per cent, of ammonia. It should be free 
from ammonium sulphocyanide, which is a plant poison. This 
impurity is rarely pre.sent, save when the ammonium sulphate 
has IxHui made i)y the direct .saturation of gas liquor with sul- 
phuric acid. Soot from pit coal, which contains ammonium 
sulphate from the nitrogen and .sulphur of coal, is also used as- 
manure. It contains on an average 4'2 per cent. NH.,. 

Nitrate. — Sodium nitrate is obtained from the deposits of 
crude nitrate in Chili and Peru. The deposits, which lie about 
() to 10 feet below the surface, are known as caliche, and form 
a layer 4 to 0 feet deep. It is associated with clayey substances, 
and is stated to contain the following constituents : — 


Sodium nitralo, 
Sodium chloride, . 
Sodium sulphiitc, . 
(/aloium chhu-ide, . 
t’otiussiuin iodide,* 
Aluminium .sulphate, 
MactU'-sium sulphate, 
In.soluhlc matter, . 


2r01 i»or cent. 
,, 

474 

u:h4 

0S7 

9-sl 

2Mlt 

lou-oo 


The composition is, how(5ver, very vaiious, and the content of 
.sodium Jiitrate may reach 50 per c(>nt. 

The caliclu' is brok(‘n in a stone l)reaker, and systematically 
lixiviat<‘d in tanks li<;atcd by closes! steam. (Water being a rare 
couiimniity in nitrate districts, it bas to be used for reptv'Ua'd 
extractions.) When the liquid reaches a S[)ccitic gravity of 1 ‘oo, 
it is run into crystallishyg vats, in which it remains from four to 
six days ; the mother liqmtr is then run olf, and used for the 
obtainment of iodine (see Vol. ll.,*(diap. XVIII.). The nitwde 
deposited, after having been sun-dried, has the following com- 
position {Buchanan ): — , 

* The iodine cli.u'acleristically present in crude 7ijt rate pioi)al)!y exists 
as iodnte. A.s mucli as 1 per cent. (4 pcrcldorate is also r«uuul in some 
sajiples of caliche, and lowers th« value of the latter considcrahlv, since 
even small quantitic.s of perchlorate are injurious to plants, w’dist the 
potassium lutratc u.sed in making gunpowder must not contain more than 
OTO per cent, of potas-sium perchlorate. 
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NaNOa 0<r7r> per o« nt. 

NaCl (»-7r> 

NaoSO^, 0:>0 

Insoluble matter, O-IO 

Water, L>10 




Organic Nitrogenous Manures. — Driod blood obtained I’mni 
slau^^litor-lioiises is a tyj)e of these. It contains from 'd to jxm* 
cent. N. (around hoofs and horns form am)ther manure of this 
class, as also waste woollen material — c.//., shod<ly (h to S per 
cent. N) for manuring ho))s. 

Before nitro<;en in ammonium sulphate or orijjanic substances 
can be taken up by a plant, it must he conv(‘rted into a nitrate. 
Tlie iiilro;.,o'n in organic siihstanees is chielly in ari albuminoid 
foi'in. The first d(H'ompositioii which such .suhstancc's umh'ri^o 
results in the production of ammonia. The o.\idation ni'cessary 
for the conv('rsion of ammonia into nitric acid is dependent upon 
the presence <if a so-ealled “nitrifying” organism, which is a 
haeillus to which tint name nltronunHia has been provisionally 
assigned. The organism requires the usual mineral constituents 
— phosphates — for its growth, and frei' access of air, on 

whicli account it is not active in the ground at a grea1(‘r riept h 
than 0 feet. The formaiion of nitrates appears to he always duo 
to tli(' action of the saim* organism; nitrites, on tin; other hand, 
are producetl by aev(‘ial ditrereiit specicfs, wlii<-li vary with the 
locality. In order tliat all the ammonia may lx* converted into 
nitric acid, a fixed base mmst Ik* present, otlu'rwise ammonium 
nitrate is lli(i final product. Tli(5 ieniperaf ures between which 
the organisjus can act are .‘Taiid 55" (k — 57° and ]'n° |<\, 57' U. 
“ lU)" F, being that at wliich they are most active. l)arkm*s.H 
is favourahh; to tlieie development . ddn; process of nitrification 
is hut one phas(! of the general oxiilising action which is a.sso- 
ciated with the gn-wth ut these bacilli. Tlius they ar<^ capahh^ 
of converting iodides into iodates. “ ll<-nitrifying” organism.s 
appe ar also to exist in the soil, eapahlo of reiliicing nitrate even 
to tree nitiogen. 'riicsi* become active when the goil is water- 
lo_'L;ed. and are inimical to plant life. 

The process of nitrification is.so rapid that ammonium sul)»h;it(^ 
is scarrx'lv le^s re.idily a'-simil.it rd than ik .sodium nitrate. 'I'ln re 
is, liowever, a certain amount, of diffcrenec; iii flu; fjuality of 
<'?rtain crops when manured witli nitrate and ammoidum sid- 
pliate respectively, whicli will be found set forth in hotdos on 
the i^biectl* Anotlu'r diHerence in their action is on the soil 
itself: before tlw riifnfi<:ifion of ammonium sidjihato ean la? 
completed, tlie sulphuric acid must he removed by a base — 
€.g., lime — in tlie soil, and a further quantity of base wiH» )>e 
required by tlie nitric acid when fornu'd. 

The comparative slowmess with which nitrogenous organic 
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manures are taken up, is due to the necessity for their previous 
conversion into ammonia during tiie process of decomposition. 
An advantageous cirect of nitrate is its stimulating action upon 
growth, enabling plants to resist conditions unfavourable to tlie 
healtliy attainment of m;iturity. It has Ijeconn^ questionable 
wluitlu'r crops c.annot obtain the nitrog(!ri which tiliey require 
from th(! fr(M! nitrogim of the air. This certainly occurs with 
leguminous plants, upon the roots of which nodules containing 
micro-organisms are developed, which appear to be capable of 
converting nitrogen from the air in the pores of the soil into an 
assimilable, form, 

Th(,‘ nitrogen in ammonium sulphate, and that in nitrate, has ,• 
about the same comirmreial value, which i.s not much higher than 
that for the most easily decomposable organic nitrogenous sub- 
stances. The nitrogen in bones is of considerably lower value, 

(C.) POTASH MAHURES. — Potash, a necessary constituent 
of plant food, i.s supplied as oneor other of the products ohlaiucd 
in the Stassfurt industry (see 7Ws/<, Vol. IJ,, Chap, XVI 11.). 
The chief salts used are kainit (K.^SO^ . MgSO^ . MgCl.^ . GH.,0), 
which contains some 70 per cent, of the pure mineral, corre- 
sponding with 1.3 to 14 per cent. K.,0 ; the doubh; sulphate of 
potassium and magm'sium (27 to 28 per cent. K.,0) obtaim'd 
from kainit ; carnallite (KCl. MgClo. GH.,(), with about 11 per 
cent. Tv._,0 in the crude mineral); and crud<5 potassium chloride 
of strength corresponding with about 50 per cent. K,>0. Mag- 
nesium stilts and chlorides detract to some extent from the 
inanurial value (d these substances. Where timber is abundant, 
wood asluis are us<>d containing 5 to 10 per cent. Kv^O. 

(D.) GENERAL MANURES arc valued for their content 
of nitrogen, potash, and pliosphates. 

Farm-yard manure, the excrement of cattle, mixed with 
straw, may be n^garded as the natural general manui'o, for it 
serves to return to the soil much of tlio plant food removed by 
the crop on which the catth? are fed. Since immature animals 
utilise mon^ of tin* .ash constituents of fodder than do full-grown 
animals, the composition of the manure depends upon the age of 
the stock ; it also varies with the character of the food. Farm- 
yard manure is generally heaped, wlum it undergoes fermenta- 
tion and much carbonaijeous matter is dissipated as CO.,, OH,, 
(fee., and on that account the manure becomes concentrated to 
some extent. 

Rotten farm-yard manure will contain 65 to 80 per cei^t. H.T) 
and 2 '5 to 3 per cent, of true ash — i.e., exclusive of earth and 
sand. It contains from 0'4 to 0T).5 per cent. N, O’l to 0-7 per 
cent. K.,0, and 0-2 to 0-4 per cent. PoOr,. The' nutritive consti- 
tuents of the animal excremcnt.and that in the litter (straw) .ire 
botfi included in the above figures. The nitrogen of the urine 
being in the form of urea, uric acid, (See., is more readily available* 
than that in the solid excreta. 



GUANO. 


Sewage and Products therefrom.— Tho application of 
*human excreniont as a manure is larijfely practised, particularly 
where it is customary to keep the excrement concentrated or 
merely diluted with an absorbent and deodorant — e.g.^ earth or 
peat. Where the system of water-carriage is in use, the extreme 
dilution of %he excrement renders it possible only to apply the 
sewage by the process of irrigation. The composition of human 
excrement is not essentially ditlerent from tliat of farm-yard 
manure ; its amount may be gathered from the following table, 
which gives the average (piantitii'S per head per year : — 


1 ] 

rrlne. 

"I'otal (pi.Tntity, . . ' 107 H'S. 

li).s. ' 

lU’v iiiatror, . . : “I* ,, 

m 

Ts'itroLjon, . . . h'i ’> 


IV ho . . 1 li o 

H » : 

K-^U. ... ^ 



The total value of these constituents is about 8 h. Gd. per Iiead 
per year. 

The utilisation of sewage by iri'igation ro^piires that a large 
expanse of light absorln.-ut soil .shall be available for the recep- 
tion of the sew'age, its oxidation and its assimilation by plants. 
Although j)r('cipitation of S(!wnge (hy means of lime and other 
substanees) is practised, the large (juantity of precipitant neces- 
sary renders the resulting sludge valucdes.s as manure. 

When (‘xcreinent is collceted ))y tl)e “pail .system,” without 
dilution, it can be treatcfl with suljdiuric acid, dried and 
disintegrated for u.se a.s inanun*, tlie pn^duct being known as 
poudrette. 

Guano. — This is the excrement of sea bij'd.s in a more or le.ss 
altered condition. A distinction is drawn l)etween nitrogenous 
and phosjdiatic guanos ; the for?m*r are cither of recent origin, 
or have not been subiected to weathering, which is the case in 
such dry climates as that of iVni ; the latter (found in Austral- 
asia) have been so washed hy rain as to contain little or no 
nitrogen. The manurial composition of the two classes is shown 
below : — * 



NltrofreiiDUs. 
Per cent. 

Plio.sphatic, 
Ptr cent. 

N. . • . 


7-5 

0*4 

hoO,. 

•• 

14*0 

35*6 



3-4 

0*2 

! 
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Dry Peruvian ^uaiio coutains its nitrogen in the form of uric 
acid and urates; wlimi these have undergone partial decom- * 
position, tlie‘ guano hecomes damp and contains ammonium 
carbonate, to fix wliich a “dissolved” guano is made 1)V tnait- 
ment with suljdniric acid, the ammonia l>eing converted into 
ammonium suipliate and the calcium phosphate rendered 
soluble. An “ 0(jualised ” guano is a Peruvian guano in wliicli 
the pcrc(mtage of ammonia ha.s been brought up by suitable 
admixture. 

The j)r(‘Hsed cake made in crushing rap(5 seed for oil {r(ipe- 
cak(i), ladng of little value for cattle food, is sometimes used for 
a general manure. Other similar cakes are also employed. The 
nitrogen varies from \ to 7 per cent. ; P,,0^, 1 *5 to .‘kO per cent. ; 
K„0, 1 to 2 )>er cent. 

In the United States menhaden are largely used as manure, 
the oil (Voh II., Ohap. X.) being first extracted from the fish. 
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CIIAPTKI! V'. 

PETROLEUM, 


Petkolkum, or mineral or rork ,nl, or “ nai.litln,/’ is essentially 
a inixtnn* ot liydrocarl.ons of the paralHn and oleiine series, tlm 
oneor tlic other i.redominatin,<( aeeordin- to the souree of tl,e 
oil. J he range of l.omologues* is exeeeiiin-ly wide, eomiirisin- 
even gases such as Oil, and etlndeno, and solid hydne 

carl..ons sueii as those constitut ini; paraflin wa.x- for examnle 
triaoontan(\ (h.oH,;,,, and melen, ’ 

(A.) ORIGIN AND DISTRIBUTION.-Petroleuni o.vnrs 
in strata winch consist largely of loose-t(‘xtiired eonglomerates 
and sandstones (oil sands), its mode of dislrihution iKung similar 
to that of wator in porous strata. In places it exudes at (Ik; sur- 
lace of th(‘ earth, forming natural oil sjirings, hut it is <d)tained 
in (juimtity by boring wells wdiich tap the strata. Frequently 
the oil IS under such pressure from the gas as.sociatod with it 
that, when the superincumhent strata have been pierced, the oil 
gushes out in a fountidn with great violence. Fountains of this 
character have occurred naturally for all historical time. The 
nature of flu* origin of petroleum is unknown. Various theories 
have been advanced. The most noteworthy of these an; (1 ) 

I hat It IS derived from the action of water on strongly luxated 
iron carbide contained in the interior of the. earth, such water 
having penetrated through crevices formed during volcanic erup- 
tions. the chief support for this view is obtained from the fact 
that petroleum germrally ocmrs at the foot of iimuntain chains 
J hi.s theory was propounded by iAbuidelectr after a pijrsonal study 
o the Caucasian oil-bearing district. (2) That it is a product of 
tlie decomposition of animal n-mains at a high temperature and 
pressure. Lnglor is responsible for this view, which is suiiported 
by direct experiment on the distillation of animal fats under 
pressure. The small quantity of nitro^^m found in petroleum 
militates against the credibility of this explanation, but it is 
pj^^sible that the nitrogen may liave been remoxed by a natural 
distillation of the oil (the nitrogen remaining with the n'sidue) 
from d;S ordinal source to the position in which it is found. 

It may be noted Jhat, in chemical elas.sification, those compounds which 

form an ho,noh,gou8 

SpW jn + molecular weight is accompanied hy an approxi- 

mately constant a teration m physical properties -e.o., meltinv point Und 
•boiling point ; both these rise os the ser es ascends. ^ ^ 
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(3) That it has been formed by the decomposition of the remains 
of marine animals in contact witli saline deposits, and the sub-* 
sequent resolution of the adipocere (the more permanent fatty 
constituents) into hydrocarbons and free 002 , 
salt invariably accompanies petroleum lends credence to this 
hypothesis, which is due to Zaloziecki. r 

Petroleum is very widely distributed, but the bulk of that 
used comes from the United States (Ohio, Pennsylvania, 
Texas, New York, and California) or Baku. Other sources of 
minor importance are the deposits in Galicia, Koumania, 
Canada, British India, and Peru. 

(Ik) THE WINNING OP PETROLEUM.— The copious 
outbursts of petroleum that characterised the earlier stages of 
the industry (which in its present size and manner of working 
is comparatively recent, dating from about IHCO) are now 
relatively ran*, ami the oil is won by sinking boro-hoh's 
(about 6 inches in diameter), which are often of great dei)tli - 
e.(j., as much as 2,400 feet and upwards. The method of sinkijig 
consists essentially in drilling a bore-hole to a depth ol 200 to 
300 feet by the use of a “drive-pipe,” which is a ste<>l tube with 
a cutting edge driven vertically downwards by a “maul.” AV lien 
the top part of the well is thus made and lined, the drilling 
proper begins. This consists in pounding the rock with a hit 
lixed at the end of a string of rods slung to a cable attached to a 
derrick— in order to allow of the string of tools being drawn up 
and suspended on occasion — and actuated by a beam-engine by 
which a reciprocating vertical motion is given. When a sutli- 
cient amount of the rock has been thus disintegrated, the tools are 
hung up by the d<u’riok, and th^ detritus, which is susjiended in 
tlie water that has trickled in, is removed by running down an 
iron tube fitted with a plunger and a valve, the apparatus being 
termed a sand pump. Th*e well is lined with iron tubing as tar 
as possible, the main object being to keep out the water that 
would otherwise find its way in. In the case of wells that do not 
flew spontaneously, an oil pump (which is simply a force pump 
driven from above) is let down and the' oil thus brought to the 
surface. The oil is frequently accompanied by natural gas at a 
pressure of 400 to hOO lbs. per square incli, the g.os consists chiefly 
of methuuo and hydrogen. The following may be taken as the 
average composition of the gas from the Pittsburg district : — 

Metliauf, 

Hydrogen, 

Kthane, 

Nitrogen, 

Ethylene, 

Oxygen, . . 

Carhon monoxide, 

Carbon dioxide, 


per cent, 
220 „ 

.^•0 ,. 

3-0 ,. , 

10 

OvS* .. 

0(i „ 

0’6 ,, 

100*0 
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Some wells yield oil containing a little gas in solution, others 
oil accompanied by much gas, and a third class gas exclusively. 
The gas is largely used as a fuel and for lighting in the districts 
where it is obtained, and, by imperloct combustion, for the pro- 
duction of a black pigment, “diamond black,” or “carbon 
black” 

(C.) TEANSMIS8I0N. -On accotmt of the wells of any 
one oil-hearing district being scattered, it is found economical 
to collect the oil to central storage tanks and thence to the 
refineries on the sea coast by means of long pipe-lines, u pressure 
of about 1,200 lbs. per stpiare inch being used in this tratrsmis- 
sion. The trunk lines of pipes are C inches in diameter, and 
deliver the oil througli branches to the refineries on theii* course, 
d'he pipes arc kept clean by an iron scraper forcotl along by the 
fiow of the oil. 

(D.) REFINING-. — The refining consists essentially in frac- 
tional distillation and treatment of the distillates with sulphuric 
acid and caustic .soda to remove impurities. The nuithod adopted 
depends to some extent on the peu-contage of the more volatile 
portions, and whether it be desired to produce tln^ maxinmm 
yield of illuminant.s. The difference between the yield of the 
various fractions of Russian and American petroleum is shown 
by the following figures : — 


i 

KuHtian. 

Petroleum spirit, . 

4 

Illuminating oil, . 

.‘39 

Lubricating oils, . 

32 

Residue and los.s, 

25 


100 


In America the distillation is not continuou.s, and is carried 
out in a crude oil still and a tar still, the oil being distilled in 
tbeUr.st until the petroleum spirit and burning oils have come 
over, when the residue is transferred to the tar still, the distil- 
late from which furnishes paraffin wax and lubricating oil. The 
crude oil stills are either horizontal steel cylinders 30 feet by 12 
^feet 6 inches in diameter, or of the “cheese box” pattern 9 feet 
in lieight and 30 feet in diameter, with a dome-shaped top. 
Both stills are fired direct, and steam is blown in to aid distil- 
lation. When the maximum quantity of illuminants is required, 
the upper pirt of the still is exposed to the air, in order that the 
heavier portions cff the oil may condense and drop back into t^he 
hotter part of the still and thus bfe “cracked” — i.e,, decomposed 
into lighter hydrocarbons. When, on the other hand, lubricating 

9 
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oils are required, this cracking is avoided, and the lighter por 
tions are distilled over first to obtain a residue of “ reduced oil ” 
used for lubrication. In this case a vacuum is maintained in the 
still, and the use of superheated steam is substituted for direct 
firing. The tar still is a cylindrical vessel about 20 feet in 
length and 8 feet in diameter, and is heated finally to redness to 
get the full yield of oil. With both the crude oil and tar stills 
the condensers are e.ssentially worms immersed in tanks through 
which cold water is circulated in the case of the former, and hot 
water in tliat of the latter, the hot water being necessary to 
prevent stoppages from the setting of the paraffin wax. In the 
<listillation from the crude oil still, two main distillates are pro- 
duced— (1) the “benzine* distillate,” and (2) the “illuminating 
oil.” The former is redistilled by steam heat, and the following 
fractions may be prepared from it : — 

(1) Cymogone, which is c.s.sentially the gas butane, 

'rhis fraction is either burnt under the stills, or condemsed by 
cold and pressure to a liquid boiling at 0° C. = 32“ F., and 
having a specific gravity of 0*59. It is used in ice-making 
machines. 

(2) Rhigolene. — This i.s also gaseous when first distilled, and 

Consists mainly of pentane and iso-pentano, It is con- 

densed by cold to a liquid which boils at 18'^C. = 61“ F., and 
lias the specific gravity 0-625. It is used as an anaesthetic, for 
driving ga.s engihes, and for the pentane standard lamp (.see 
Yalnaiion of coal gas, Vol. TI., p. 76). 

(3) Petroleum ether or gasolene containing hexane and 
iso-hexfinc, C^IIj^, and boiling about 60“ C. = 140 ' F. ; its 
specific gravity is about 0*60. Tliis is employed as a solvent 
for caoutchouc and oils, and is used for carburetting gas and 
preparing “air gas” — i.e., air laden with a combustible vapour. 

(4) Naphtha or ligroin, consisting of the next few homo- 
logues of the paraffin series, boiling point 80“ to 110“ 0. — 176* 
to 230“ F., specific gravity about 0*700, used for burning and as 
a solvent for oils and re.sins. 

(5) Benzine, a slightly heavier fraction, boiling up to 150“C. 
= 302“ F., specific gravity 0 740, and used as a turpentine sub- 
stitute. The petrol used for motor-car engines is a similar 
fraction, of specific gravity 0 68 to 0*72. 

With respect to the fractional separation of these products, 
the same remarks that were made with regard to the fractiona- 
tion of the distillate from coal tar (see Vol. 11., p. 86) apply. The 
last and largest fraction, amounting to 40 per cent, of the whole, 
is sometimes deodorised by treatment with 0*5 per cent, of strong 
sulphuric acid in a vessel provided with a paddle agitator. 

The illuminating oil distillate, coming over Between 150“ and 

* This trade name must not be confounded with “ benzene,” which is the 
•ystematic name of the hydrocarbon, C^Hj, obtained from coal tar. 
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300” C. 302“ and 372“ F., is submitted to treatment with sul- 
phurio^cid (about 2 per cent.), with which it is agitated by 
a stream of air for as long as the temperature rises. After 
settling, tlie acid licjuor is drawn olV, and a water spray is made 
to percolate tlirough tiie oil until the issuing water i.s no longer 
acid. The t)il is then agitated with 1 percent, of caustic soda 
solution, specific gravity 1*00, and, preferably, finally washed 
with w'ater. 'J’he use of the sulphuric acid is to remove the 
bulk of the olefines as sulphonic acids, while the caustic soda 
is ein ployed to remove such of these acids as are dissolved in 
the oil. The sulphuric acid used is either recovered or used 
for the manufacture of .superphosphate, <kc. It has also been 
suggested to mix the crude illuminating oil with about 01 per 
c(‘nt. of spirits of turpentine and blow air through tlie mixture. 
Tlie turpentine acts as a carrier of oxygen, the unsaturated 
i'oinpounds being oxidised to resinous bodies, which are removed 
l>v subse({uent treatment with and caustic soda, 

' -Many Ohio oils re(piiri^ a special purification, as they contain 
up to ()•() per cent, of sulj)hur, probably in the form of sulphides 
of radicals belonging to the paraffin series. This Hulj)liur is 
removed by treatment with finely-divided copper oxide, either 
by subjecting the crude oil to diistillution and passing the vapour 
througli a vessel containing cop|)er oxide, or, more generally, by 
fir.st fractionating the crude oil as usual; the light and heavy 
oils are tlmn separately re-distilled from stills provided with a 
stirring apfiaratus, by means of wliich they are agitated with 
copper oxide during the distillation. A large exce.ss of copper 
oxide is neccs.sary to free the oils entirely from sulphur. The 
copper sulphide formed is freed from the tarry residue left in 
the still by draining and squeezing, the mass obtained being 
then heated in an inclined cylindrical furnace provided with a 
fireplace at the lower end. After combustion is once started, 
till' oxidation of the sulphur provides sufficient heat for the 
conversion of the whole into finely-divided copper oxide, which 
is used over again. 

The refined oil is known as kerosene, and is valued by its 
colour and flashing point. The former varies from pale yellow, 
“standard white,” to colourless, “water white,” and the latter 
from 73“ to 120“ F. = 24“ to 43“ C. In this country the flashing 
point is determined by the “close test” made in the Abel 
• apparatus. By “close test” is meant the method of ascertaining 
the temperature at which the oil evolves sufllcient vapour to 
yield an explosive mixture with air in a closed vessel of 
8' ndard (bmensions. 

Th® Abel app^-ratus consists of a water bath, in which is an 
“oil cup” (containing a fixed quantity of the oil to be test^pd), 
and provided with a cover having a slide in the lid so arranged 
that it can be opened at intervals and a small flame introduced 
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into the vessel. The oil in the vessel is heated by the water 
hath and its temperature is aseertained l)y a thermometer* Tlie 
legal minimum for the flashing point of kerosene is 73° F. = 23° 
a, corresponding with 100“ F. - 38° 0. by the obsolete “opmi 
test,” winch was conducted in an uncovered vessel. Scotch 
burning oils of good class rarely flash below 100“ F.i(close test) 
a much preferable limit. ^ 

The working up of the residue of the crude oil distillation in 
the tar stdl, produces a first runnings (20 to 25 per cent, of the 
contents of tlio still), which is turned back to the crude oil tank, 
or is treated and purified as a heavier grade of burning oil. The 
remaining distillate constitutes the paraffin oil; thisls agitated 
with vitriol (5 per cent.) in agitators ke{)t hot by steam jackets 
tlum with water and caustic .soda, and chilled by a freeiiim' 
machine, when it becomes semi-.solid from the separation of 
paraflin wax, and is pnt.ssed between .sacking, the oil which 
drains away being u.sed for lubrication. Tln^ wax is afciiii 
pressed at a highei- temperature to nTino it (see, Hhah oil, A^)l. 
11., p. 111). J'he bulk of lubricating oils i.s, however, obtaiiual 
from “n'diiced oil” (r..<i.). “ Vasedene” is a product from such oils 
prepared by the separation of paraflin wax and filtration through 
animal charcoal ; the first runnings from the filter are colourless 
ancLsemi-solid when cold. It melts at 10° to 50° C. = 104° to 
122 F., according to its grade. Spurious vaselene is made in 
Germany by dissolving paraflin wax in heavy hydrocarbon oil. 

Lubi-icating oils from petroleum are characti^ised by their 
fluorescence or “bloom.” They are generally deodorised and 
decolorised by filtration tliroiigh animal charcoal, and are often 
de-bloomed by the addition of various substances — e.g., tur- 
meric, nitronaphthalene, and picric acid. This treatment is’onlv 
adopted when it is designed to substitute mineral for fatty lubri- 
cants without risking detection at sight. After the lubricatimr 
oils have di.stillod over, a semi-solid distillate is collected, tecln 
nically known as “yellow wax;” it contains anthracene and 
similar hydrocarbons ; when added to the lubricating oil it in- 
m’eases its density and raises the apparent yield of pa'raflin wax 
The coke left in the still is about 12 per cent, of the char^re. 

Ihe refining of petroleum in Russia, at Baku, is condiTcted in 
horizontal cylindrical stills, and the process is often continuous 
in wliich case the stills are connected by pipes in groups of four- 
teen or more, and are heated to the temperature at which the 
product proper to each still comes over. By this plan a constant 
flow of petroleum (which is previously heated in a separate vessel 
by contact with the residues from the stills, produced bv a pre- 
vious operation) can be maintained, and the whole of fee portion 
of the oil fit for burning is obtained from one or other of the 
etilTs,^ the last and most highly heated being no hotter (300° C. 

-= 572°F.) than is consonant with the production of burning 
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oil. In Ragosin’s method the crude oil is distilled in a current 
of benzine vapour (B.r. 80“ to 160'" C. " 170“ to 320" F.), the 
process being often made continuous, and carried out in a 
number of stills connected with eacii other (v.s.). The vapours 
from the last stills are often cracked by leading them tlirougli 
a heated cylinder before condensing. All the fractions obtained 
require subst^quent rectification. Tin* refining of the burning 
oil resembles the method used in America (v.s.). Heavier 
grades oi burning oil than those ijiad<* from American 
petroleum are j)rei)ared at Baku — solar oil and astra- 
lene, specific gravity 0‘8f)0 to 0*880 ; flashing point, astraleiie 
00“ C. = 122^ F., solar oil 80® C, = i7fi F.- but tln'ir mse is 
mainly confined to Russia, wheni tb«y an* given fiscal ad van- 
tag<*s. The residual oil from these* stills (astiitki) (sp(‘eific 
gravity, O OOO to O'OIOJ is luostlv us(*(i as fuel for the, stills 
themselves, for sleam-raising on (Fie works, for loeoinotives and 
marine engines on tln^ local i-aihvays, rivers and seas, and for 
metalliirgival operation.s. 'Fhe priMci}>le of the m(*tliod of burning 
:onsists in spraying the oil, by means of a j»*t of steam, into 1 lie 
furnace, the, p irfs iimuediat.ely in contact with the flame lieing 
piotected w ith firebrick (o preserve tlimn fn»m local overheating. 
Retroleuin residues liave about one and a-half tinj<*s tin* heating 
power of a,u equal w'eight of coal, but the cost of carriage jin*- 
vi'iits it in competing wnh coal in this country exct*j)t for special 
purposes (s(‘e Vol. J.). 

A considerabh^ quantity of the residue after the separation of 
the kerosene is, liowever, furtlier distilled for lubricating oils, 
in smaller stills — sometimes worked by the continuous method 
already described, with the aid of superlieated steam — until the 
distillate has the specific gravity of about 0-920. The distillate 
is then fractionated, and the first and second fractions (sjiecific 
gravity 0-865 and 0-875), wliicli are too light for lubricants, are 
sold for gas making, ttc., and the remaining oil is collected in tliroe 
fractions, forming three grades of lubricating oU, known rcspeo* 
tivelyas spindle oil (specific gravity 0-885 to 0-895), machinery oil 
(specific gravity 0-895 to 0-910), and cylinder oil (specific gravity 
over 0’910). Other, inti^rmediate grades are prepared, which 
differ according to the design of the maker. These oils are 
purified by acid and alkali in a inannel similar to that used for 
kerosene. A kind of vaselene is made from the residue in thp 
still by returning one-third* of its weight of the first fraction 
(specific gravity 0*865 j, and continuing to distil with superheated 
steam. 

Russian petroleum, as opj>osed to American, is generally very 
poor in paraffin wax (0*25 per cent.), and this substance is not 
worked up. The absence of paraIBn wax makes Russian luTjri- 
eating oils better than, American of the same grade, as they have 
less tendency to solidify on cooling. 
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By destructive distillation, astatki yields 30 to 40 per cent, 
of tar, containing 15 to 17 per cent, of 50 per cent, benzol. On 
destructively distilling the residual tar after the benzol is 
removed, 70 per cent, of a second tar is obtained, containing 
7 to 10 per cent, of 50 per cent, benzol, 16 per c^nt. of naph- 
thalene, 2 to 3 per cent, of 30 per cent, anthracene, and 24 per 
cent, of pitch. There is also a good deal of gas of high illumin- 
ating power (five times that of coal gas). 

In instituting a chemical as distinct from a technical com- 
parison of [)ctroleum from Russian and American sources, a 
large difference is at once visible. Thus, American crude oil 
consists almost wholly of parallins of the general formula 
+ wlicreas Russian oil is composed of olefines 
and naphthenes ^olla). The parallins are more stable than 

the unsaturated hydrocarbons charact(5ristic of Russian petro- 
leum, and are less liable to be attacked in the process of retining. 
The olefines readily form addition products, and are easily 
sulphonated, but the naphthenes, being addition products of 
ring hydrocarbons, containing as many hydrogen atoms as can 
be combined with the nucleal ring, are unable to form addition 
products provided the ring structure remain undisturlied. 
Under suitable conditions, however, the naphthenes of Russian 
petroleum can be oxidised — e.g., by a current of air in the pi e- 
senco of caustic soda — and then yield acids which unite with the 
alkali essential for their production. It has been proposed to 
take advantage of this formation of soap-like salts, in order to 
convert Russian petroleum into a semi-solid fuel without the 
addition of soap from an external source (see Vol. I.). The 
free so-called petrolic acids and their copper salts also possess a 
high value as disinfectants, and their us(' has been suggested 
as timber preservatives. 

Ozokerite. — Ozokerite is a mixture of solid hydrocarbons, the 
composition of which corresponds with the formula it is 

regarded as an oxidation product of the hydrocarbons of crude 
petroleum, from which some hydrogen has been eliminated as 
water. It varies in consistency from a soft buttery mass to a 
hard rock-like material generally black in colour. The largest 
deposits are found in Galicia, a similar substance, called neftigil, 
being also found at Baku. Its specific gravity varies from 0-85 
to 0-95, and its melting point from 68“ to 100“ 0. = 136“ to^ 
212“ F. It occurs in veins 40 to 80 metres deep, which generally 
run through clay containing petroleum. The mining operations 
consist in sinking a shaft from which galleries are rifn alopg the 
reins. Gaa occurs in the workings, and safety lamps have to be 
usdd. The mineral is brought to the surface both in the form 
of lump and as earth containing ozokerite. The larger lumps 
can be melted for the refinery, while the earth is extracted by 
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elutriation aud the residues are boiled with water; recently it 
has been proposed to extract the last traces with liglit petroleum. 
The j)rocess of refining consists in treatment of the crude wax 
with fuming sulphuric acid, which converts some of the hydro- 
carbons into sulpiio com])Ounds, and afterwards with charcoal to 
decolorise it. The material is tlien ktiown as ceresin, and amounts 
to 60 to 70 per cent, of the crude ozokerite. It has a melting 
point of or to 78“ C. ~ 142“ to 172“ and is largely used fijr 
the manufacture of candles (see Vol. II., Chap. XT.) and the 
adulteration of beeswax. There is also made an ins\ilating 
material (okonite) which consists of a mixture of ozokerite and 
indiar libber. 

Asphaltum. — This is the most condensed form of pi t rolemn. 
Deposits of it occur in many countries, but the most notewoi thy 
is that at the pitch lake of Trinidad. Asphaltum is a black 
material, varying from a very vi.scous fluid to a hard ri-sonant 
rock: at Trinidad two kinds are obtained, the better being 
known as “ Lake Pitch,” the other as “ Land ritch.” The 
former is soft, bituminous, and impri'gnatetl with gas, chiefly 
JI.jS and C'02- The latter appears to be lake pitch altenal by 
oxidation, and i.s harder and free from gas. The following table 
shows the composition of typical samples, free from water:-— 






[HU- Cl llt. 

per iH iit. 

Inorganic matter (ash), 

36-56 

37-74 

(-)rgaiiic matter, not bitumen, 

l()-57 

10(18 

Bitumen, .... 

62-87 

61 -68 


100-00 

loo-oo 


Both qualities, a.s dug, contain about 27 per cent, of watiT. 

Although so similar in composition (stated in the proximate 
form adopted above), these kinds difler considerably in qualities; 
lake pitch, when refined, softens at 180“ to 192“ F. = 82“ to 
89“ C., and flows at 189“ to 210“ F. = 87“ to 99° C., while the 
corresponding numbers for refined land pitch are 190“ to 237" F. 
« 88 to 114 C., and 210“ to 250“ F* “ to 124“ C. resiicc- 
tively. 

The process of refining consists in heating the pitch in stills to 
drive off the water and to* allow the mineral matter to deposit ; 
the refined product is known locally as “epur<i” or asphalt. 
The specific gravity of the refined lake asplialt is 1 *38, that of 
lanS asphalt is. 1*43. 

The bulk of the asphalt obtained is used for paving, for^which 
purpose it is heated with heavy paraffin oil, and this product, 
“asphalt cement,” mixed with sand and other mineral matter, 
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and applied while hot. “Asphalt Kock” — a./;., Val de Travers 
asphalt — ia a substance similar to Trinidad pitch, but containing 
up to 90 per cent, of mineral matter which is either siliceous 
or calcareous ; when used for paving it is mixed with rich 
native asphalturn, such as Trinidad pitch, to inj^rease the 
proportion of bituminous matter, the product being called 
“ mastic.” 
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CHAPTER VI. 

LIME AND CEMENT. 

Lime is always prepared industrially by the dissociation of 
calcium carbonate. This raw material occurs naturally in the 
following forms : — 

(1) Marble. — A crystalline calcium carbonate nearly pure 
when white, sometimes containing mineral and carbonaceous 
(in black marble) colouring matter. Tlie cost and closeness of 
texture of marble prevent its use as a raw material for making 
lime. 

(2) Limestono.— This is a d(mso form of calcium carbonate, 
seldom so nearly pure as marbb*, generally containing silica, 
silicate of alumina and magnesium carbonate'. When this last- 
named constituent is j)res(mt to the mvtent of b p(‘r ceib.., the 
limestone may be tenned dolomitic, and when 23 per cent, is 
present may be rankeil as dolomite; typical dolomite c«orro- 
sponds with the formula CaO(.).^. MgOOy, the magnesium carbonate, 
therefore, amounting to 40 00 per centf Dolomites are hauler 
and b(*tter building materials than arc limestones, being less easily 
attacked by an acid atmos])liere (sec; Vol. 1.); the mixture of 
lime and magnesia produced by burning dolomite is only used 
as a basic lining lor furnaces (see Vol. I.). The variations 
in the composition of liim^stono may be judged by the following 
analyses : — 



Typii al Pure 

MapHKiaii 

HydmiiHo 


Lijiicstune. 

Linii-htdiio. 

I.iincstoiie. 

CaO, . 

oi) '34 

27-22 

44-84 

MgO, . . . 

0-22 

16 •8.'} 

1-15 

CO 2 

4:VG8 

:i7'62 

3.3-70 

H,.0, . 

SO 3 , .... 

0'(l6 

1-79 

2-86 

0*02 

13'.57 

0-16 

Insol. .siliceous matter, 


13 02 

Combined silica, 


* 

2 -03 

AI 2 O 3 , . . « 


1 39 

1-04 

Fe203, . . . 


1-36 

1-00 

i 

i 

99 02 

1 lOO-OO 

99-80 


(3) Chalk. — Chalk is a less massive form than limestone of 
calcium carbonate, and varies In purity in the same mahner. 
Ordinary chalk as quarried contains as much as 25 per cent, of 
water intermixed with it. The following analyses show the 
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composition of two typical chalks used for lime and cement 
making: — 



Oivy Chalk 
(yieldinxartiaijewhat 
hydraulic lime). 

Wliite Clialk 
(yicldin^'a “fat” 

! lime). 

MoiHtiire, 

17 -.39 

19 -0.3 

Suiid find clay, .... 

4-8.3 

0-93 

Conihinod SiO., 

0-78 

0'4:{ 

Fc„(), + 

o-.5;i 

0 48 

Ca'CUn, 

7.3-84 

7 O' 60 



<)-()G 

0-88 

Alkalies, organic matter, and loss, 

l-Oo 

1-63 


100-00 

100 00 j 

i 1 


In general, carbonate of lime approximately pun; will yield 
“fat” (|uicklime on burning, while, when siliceous and claycsy 
constituents are prescmt, a “[)oor” lime which slakes slowly and 
is more or less hydraulic is produced. 

Principles of Lime-burning. — When calcium carbonate is 
heated under ordinary conditions, it begins to dissociate at about 
400“ C. = 752“ If., but the dissociation does not proceed far unless 
the carbon dioxide be removed from the neighbourhood. Indeed, 
in a closed space, at a temperature of 1,020“ 0. = 1,868“ F., cal- 
cium carbonate can be fused in the atmosphere of CO.j generated 
by its partial decomposition; the resulting product has the aspect 
and piiysical properties of marble. The necessity for removing 
the carbon dioxide diminishes as the temperature rises ; thus at 
812“ 0. = 1,494“ F. it may be allowed to accumulate until its 
pressure is 760 mm. — i.e., one atmosphere. In practice the re- 
moval of the CO.j is effected by the natural draught of the kiln, 
fur in this manner the pressure duo to CO., is reduced, since much 
of the total atmosphere consists of other gases. Although in a 
lime kiln the temperature may exceed 812“ C. = 1,494“ F., and 
dissociation would be com[)loted without the draught, yet the 
process of burning is much accelerated by removal of CO.> in this 
way; the removal is also imperative, because OaO and COj would 
otherwise reunite (in tlie ipresence of water vapour) as the tem- 
perature fell. It is obvious from these facts that the dilution of 
the atmosphere of the kiln by an inert gas like steam will favour 
the decomposition of the calcium carbonate. The heat of forma- 
tion of calcium carbonate from CaO and COg is 42*5 Cal., whence 
it follows that 5*25 kilos, of fuel, having a heat of ctmibustion 
equal to that of carbon, should suffice for burmng 100 kilos, of 
CaCOs* In practice this quantity of fuel is much exceeded ; it 
may be as much as 15 to 20 per cent. 

Kilns for Lime-burning,— It will be seen from what has 
been said above that the conditions for successful lime-burning 
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are a temperature not lower than 812'^ C. = b'. and a rapid 

draught of inert gases tiirough the heated limestone. Many 
forms of lime kilns are in use, but they are reducible to two 
types — (a) that in which the calcium carbonate is in contact only 
with the j^roducts of coml)Ustion, being separated from the fuel 
itse'lf, and {b) that in which the calcium carbonate and fuel are 
mixed. The former yields a better lime, inasmuch n.s it is not 
contaminated with ash, while the latter is more economical of 
fuel and can be more readily adapted for continuous running. 

(o) Kilns in which the Fuel is not in contact with the Calcium 
Carbonate. — One of tbe simplest forms is shown in Fig. -G. An 

egg shaped firebrick kiln is 
filled witli lime.slone sup- 
ported on an arcl» roughly 
liiiilt of bliK'ks of the same 
material. Tho fuel is )»laced 
Ijclow the arch, and the 
produces of cojnbustit)!! }mss 
upwards tiirough the lime- 
stone, which i.s thus heated 
to the required teinjieruture 
and converted into quick- 
lime. Such a kiln only 
admits of discon t inuous 
burning, and has to be 
charged for tlio next batch. 
Tb(! limestone may l»e sup- 
ported above th<^ fuel by other moans -~e.r/., a rough grating of 
iron bai’.s, tl'c. Tlie proiiuct is known a.s “ llarediinc.” The pro- 
cess of burning lirm^ wirliout .solid fuel is obviously one that- 
should be well adapted for |)erformance l>v tbe aid of tlie ga.s 
producer. Tlie arrangement generally adopted consists of an 
annular kiln (Fig. 37), tlie .spaci^ in the ceritn^ of which, A, serves 
for storing the linie.stone, so that it may h(i cliargetl into the sur- 
rounding kiln at a fairly high temperature. The gas from a 
producer pas.ses through flues in the walls of the kiln, and the 
air for its combustion is admitted by a channel at tlie bottom of 
the annular space, M, II, and meets with the producer ga.s at a 
point about one-fourth of tho height»of the kiln, (J, 0, where the 
true lime-burning begins, the quantity of lime below this point 
serving to heat the air thjis admitted. Similar kilns are in use 
in which solid fuel is burned on one or more grates at the base 
of the shaft containing the limestone, the heated gases passing 
up*the s*naft and the lime being drawn from the kiln through 
’ oles at the base from time to time. Fresh limestone or 
chalk is fed in after drawingf and the running of the kiln is 
practically continuous, 

(b) Kilns in which the Fuel is in contact with the Calcium 
Carbonate.— The simplest form of kiln of this type is cylindrical, 
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ir like an inverted cone in shape, with a side opening at the 
wttom, fed from the top with mixed limestone and fuel, and 
imptied below througli the side; ojxuiing. The process can be 
larried on continuously, the charging at the top and unloading 
Jeneath proceeding n^gularly. Tin; consumption of fuel is about 
56 per cent, of the lirne.stone burnt, but the prodijct is necessarily 
nixed with the siliceous asli of the fuel, its value being thereby 



Fig. 27. —Lime k^iln heated by producer gas. 


B, B, Annular kiln ; C, C. inlets for secondary air. 

impaired. Other forms of kiln, in which the fuel and calcium 
carbonate are in contact, are the Holfmann ring kiln and the 
Dietzsch stage kiln (Etageofen). 

Lime. — The quality of the lime produced depeiids, as already 
stated, upon (1) the quality of the limestone, and (2) the 
nature of the ash of the fuel with which it has been burnt, 
assuming the systems mentioned in the last paragraph to have 
been used. Commercial lime of good quality contains 85 to 90 
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per cent, of free CaO, the remainder being calcium carlK)nat© 
left unburned or re-formed by exposure to air, calcium hydroxide, 
(from absorption of moisture after burning), and calcium silicates 
and aluminates produced by the action of <lie liim^ on the 
siliceous constituents of the limestone and fuel ash. Magnesia 
is also commonly present, and when occurring in as high a pro* 
portion as 25 to 30 per cent, it renders the lime useless for 
ordinary purposes; the slowness of the hydration of the magnesia 
causes such lime to slake freely and imperfectly. Technical 
terjiis are used to distinguish tlie qualities of commercial lime; 
thus “fat” lime is lime containing a minimum of foreign matter, 
and slaking rapidly and violently to a smootli pasty mass of 
“ slaked ” lime. Good fat liiru* slakes witli so large and raj)id 
an evolution of heat tliat the temperature of tin' ma.ss may rise 
as liigh as 150“ G. = 302“ F. “Poor,” or “over-iuirnt,” or “dead- 
burnt" lime i.s tliat which slak(‘s .slowly and with little ev«)lution 
of heat, and yields a slaked lime l(‘s.s smooth and plastic tlian 
that formed by fat lime. The more Hiliceoins and clayey matter 
a limestone contains, the more liable it is to be over-l)urnt, and 
to yield a poor lime. As the reaction Ix'twcen the lime and the 
siliceous matter (producing calcium silicates and aluminates, 
which become hydrated slowly and with little evolution of heat)^ 
only takes place at a comparatively high temperature, tlio |>ro- 
duction of poc>r lime from limestones containing tho.se con- 
stituents may be avoided by cautious burning. 

•Slaked lime dissolves in water, the solution containing 1 part 
of GaO in 780 parts of water at 15“ 0. = 60 “ F. Tts solubility 
diminishes as the temperature rises, being rather less than half 
the above value at the boiling point. When lime is exjmsed to 
the air it ))ecome8 slaked by absorption of im)istnre, but there is 
pari passu an absorption of COo. Such air-.shiked lime approxi- 
mates to the*composilion GaC 03 .Ca(UlI)o. 

Mortar. — Common mortar (as distinct from ceineht mortar) 
consists of 1 part of slaked lime and 3 of sharj) sand (tlie pro- 
portions being generally by measure);^^and enough wat(;r to make 
a i)aste. One measure of fat lime will viold from 2 to 3 measures 
of slaked lime, while 1 measure of hydraulic lime yields I '3 to 
1'7 of the slaked product. The principles upon which tlie setting 
of mortar depends will be understood from what follows. Wlieii 
freshly slaked lime is allowed to dry it sets to a hard mass, which, 
however, is considerably smaller in volume than the wet lime, 
aud, therefore, forms shrinkage cracks. Admixture with sand 
prevents this. This first stage or “setting” diipends on the 
general property of very finely-divided amorphous substances, 
suclf as kaolin,^of drying to a hard caked mass. This change 
takes place witn lime, and then a further stage (“ liardeidng ”) 
occurs, due to the absorption of CO 2 from the air, tlie mortar 
becoming coated with the calcium carbonate, the insolubility 
of which makes the mortar permanent under o^Uiary \M;uther 
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conditions. In thick walls access of air is so slow that un- 
carboiifltdd lime remains in llic interior lor many years. 

J iie general efiect of low temperatures upon mortar and 
cement during tludr application is to retard or prevent their 
setting. I Ins fact is flie cause of the abandonment of building 
operations during frost. Urgent work with cemwit in cold 
climates IS conducted by the aid of steam heating at the point 
wJiere tli(j fre.shly mixed cement lias been placed in position. 

^ |>e.si(los Its use as mortar, lime is employed in all chemical 
industries as the; cheapest form of alkaline substance. 

Plaster of Paris. — Ibis material may be taken as a simple 
examphi of ccuncmts which set hy hydration. It is manufactured 
Ca8(),.2Il.p, to a temperature of 120^ to 
J.iU 0 . =. ^48 to 200“^. This must be done out of contact 
with lue , as the local heat of the burning particles that would 
be mixed with the gypsum (1) caus(‘s complete dehydration to 
UahO^, which 1.S not jdaster of Paris (v.i.), and (2) allows of the 
r(.-duetion of CaSO.^ to CaS, when. tin. gypsum is in direct eon-. 
^let with eiirbonaceoiis matter. The gypsum is piled over arched 
bre-places, either in a rectangular chamber or in an egg-shaped 
kiln, flood plastm' cornvsponds with the formula 20aSO,.HcO 
completi; dehydration only occurring at 194° C. = 381° F., when 
CaS04, which is but slowly acted on by water, is obtained. 

I he mechanism of the setting of plaster of Paris mav be under- 
stood from tlie following facts {Le CJiatelier) 

When jilaster of Paris (2CaS04.H.,0) is shaken witli water, 
some of It IS immediately dissolved. This portion then com- 
bines witli water, becoming CaS04.2H20, which, however, is less 
soluble than 20aS04.H20, so tliat crystals of the former liydrate 
are deposited, and more 2Ca804.Ho0 is dissolved by the same 
water. The process repeats itself until the whole quantitv of 
calcium sulphate has crystallised in the form of CaSO, 2H 0 
Obviously, when the water is only sufficient to make a cream 
or paste with the plaster, this cycle of reactions will convert 
the paste into one composed of crystals of CaS04.2]J.,0, which, 
being needle-shaped and interlaced, constitute a coherent mass! 
Theoretically, about 13 per cent, of water, reckoned on the 
weight of tlie plaster, is necessary for its setting, but in practice 
at least 35 jier cent, of water is used, as otherwise the setting is 
unmanageably rapid. Anliydrous calcium sulphate will set 
when mixed with water, but more slowly than plaster of Paris 
becoming much harder than the latten When gypsum is mixed 
with a small proportion of alum, and completely dehydrated, it 
sets more slowly than plaster of Paris, but less slowly than pure 
CabO^. Other salts~e.^., bor^— have been used for the same 
purj^e. The mode of action in these bodies, which are present 
jn th% finished substance in inconsiderable quantity, has not 
bsen satisfactorily elucidated. Keene’s cement is an example of 
this class i it is practically pure CaSO^, prepared from gypsum 
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by careful burning so as to avoid overheating, which prevents 
the anhydrous sulphate from setting in a rt'nsonable time. A 
mixture of lime with a small proportion of calcium sulphate 
constitutes Scott's cement. Stucco is plaster of Paris set with 
a solution of size ; it is capable of receiving a polish. 

Hydraulftj Cements. — Hydraulic cements dift'or from com- 
mon lime mortars in that they aro not dependent upon desiccation 
for their setting, nor on carbonation for their hardening. Their 
setting depends upon hydration, analogous to that eharaotoristio 
of plaster of Paris (I’.s.). They are distinguished from )>laster of 
Paris by their insolubility in w^ater, which is siilUcient in the 
case of “hydraulic” cements— c.^., Portland cement— -to allow of 
their use for structures immersed in water, such as docks and 
breakwaters. 

Hydraulic Lime. — This material is manufactured by burning 
limestone containing siliceous and clayey inattt'r. True hydraulic 
lime contains but little alumina, the silica being so finely divided 
and evenly distributed as to combine with the lime on burning 
with the aid of but little fluxing material (Al^Og and FcjOj)— 
(see Portland Cement, Vol. II.). Thus, lime made ]>y Imrning 
the famous Tiieil lini'-stono (found at ArdriVJje in France) hiis 
the following composition : — 


CaO, . 

. . . 74 0 per cent. 

MgO, . . . 

0-7 ,, 

SiOn (comhineil), . 

21 7 

.Sand, . 

0*3 ,, 


I’S 

KeoOa, . 

- . . 0 0 ,, 

iso; . . . 

0-3 „ 

CtbandHgO, 

0 0 ,, 


100 0 „ 


Liinestonc, yielding hydraulic limes, wliich are. in common use 
in this country, are less typical than the example} quoted above, as 
they contain clay which givo.s ri.se to the presence of an appreci- 
able quantity of alumina in the lime produced. Thus, blue lias 
limestone has the following composition, an analysis being also 
given of a lime produced from a limestone of this class :~ 


Llmestone. 
Siliceous matter, 
CaCOs, 

MgCOs, 

AlAi 

Alkalio-^, . 
Wal^r ana loss, 


Per cent. 
20 10 

1 -35 

3-r>2 

2-20 

0*78 

0-50 


lOO'OO 


l.imu 

Insoluble* residue. 
Combined .SiO. 
Ala03, . ‘ 

Fe,()3, . 

CaO, 

MgO, . 

SOs, . 

COj, 


H,0 

Alka 


klkalies and loss. 


coal pr®*-, 


Per cent. 

2 39 
1417 
6-79 

2 34 . 

63-43)^8” which. 

J^ies circulate, 

^ the kilns 
xed raw matenftll , 
MO . 
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The reactions which occur on burning a limestone of this 
character consist in the attack of the siliceous and clayey maiter 
by the lime, resulting in the formation of certain silicates and 
aluminates of lime (see Voriland cement^ Vol. IL, p. 151) ; these 
remain mixed with some free lime for the saturation of which 
sufficient acid constituents (Si 02 and AlgOg) are hob present. 
In actual practice the free lime takes no essential part in the 
setting, and may be conveniently slaked by the cautious addition 
of water, insufficient to hydratp the cementitious silicates and 
aluminates, before the hydraulic lime is put on the market. 
This is the custom in Franco where large quantities are used, 
but in this country the lime is generally sold unslaked, and water 
sufficient for the slaking, and setting added at the tiiiu; of use. 
This is undesirable, as perfect slaking of all free lime should be 
secured before the material is used as a cement, lest slaking after 
partial setting should occur And give rise to disruptive strains. 
Good hydraulic lime serves much tiie same purposes as- Portland 
cement though not possessing the strength of the 

latter, is a useful and cheap material of construction. It has 
the advantage, moreover, of setting slowly, and remaining plastic 
foV a sufficient time to allow the slight settlement, inevitable in 
much new work, to occur and termin'itje before the joints of the 
structure become rigid. 

Homan Cement. — This cement is made by burning marl or 
any mixture of calcium carbonate and clay containing about 25 
per cent, of the latter. 

Septaria Nodules, consisting of chalk and clay in the above 
proportions, are dredged on the Kent and Essex coasts, and burnt 
to Roman cement. The temperature of burning is below the 
“clinkering” point (see Fortland cement^ Vol. II., pp. 145, 150), 
which is characteristic of complete union of the lime with the 
acid constituents. Roman cement is reddish in colour, and has 
a specific gravity of 2'5 to 3*0. ' On mixture witli water it sets 
rapidly, and can be used as a true hydraulic cement — i.e., to 
withstand the action of water. In its behaviour as a cement it 
is similar to, but weaker than, Portland cement. The following 
is an analysis of Roman cement : — 


SiOa, 

19 *2(1 per cent 

Insoluble residue 

5*11 

I' Aip,, 

i;i*24 

wiu FeA» 

. . 7*68 „ 

sets n ...... 

. ' 45-3C „ 

v.ac>u^. 

2*6.3 

. . 197 M 

purpose. CO., 

in th'e finiil), 

. . 3*06 .. „ 

. . , 0*95 „ " 

been satisfaedies and loss, . . 

. . 0*74 

this class; it u 

100*00 „ 
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Portland Cement. — Portland cement is the most important 
t>f Ijydninlic cements, and its nature and behaviodr are in many 
respects typical of all cements which depend for their action on , 
the changes wliich cementitious silicaU‘a and aluminiitos of lime 
under^^o on admixture with water. It may l>e defined as a 
material produci'd by heatin^^ to a clinkering temperature, an 
intimate mixture of caleareous, siliceous, and aluminous con- 
stituents, and liiiely grinding the resultin,!' clinkered mass. 

Various raw materials may. he used: the calcareous material 
may Ixi nearly pun' calcium carhoiiatt', .such as ciialk or lime- 
stone, or it may contain siliccou.s and clayey matter constitut- 
ing a marl ; the siliceous and aluminous material may be a 
“poor” (i.e., siliceous) clay, such as a river mud, or a marl 
rich in clay, or a gault clay — i.e., one containing ealcium car- 
bonate. The projicrlioius of tliese constituents must be so ad- 
justed that whatever the raw materials may be their mixture 
shall contain about 75 )>er cent. CaC't.)^, the remainder being clay 
richer in silica than is pure kaolin. 

Tin; manufacture is carried out in the following stages : — 

(1) Mixing the raw Materials. — 'Pwo .systems of mixing are in 
use. Tn tlio first, which is called the wet process, chalk and clay 
in tlie proper proportions are mixed with much water in a wash- 
mill, consi.sting of a circular basin, in whicli a vertical spindle 
carrying radial arms provided with rakes, rotates and beats up 
the raw materials to a thin “slurry.” The slurry Hows through 
.a grating to largo rescvvoir.s termed “backs,” where it settles. 
Alter subsidence, which occupies some weeks, the water ia 
drawn otf, and tin; slurry, still containing about 50 per cent, of 
water, is removed for drying and l.)nrning (v.i.). 

By the second or semi-dry process the raw materials are mixed 
with sufticient water to form a paste (capable of flowing and of 
being puiiiped like a liquid), by means of a wash-mill similar to 
that used in the wet process. As no sej)aration of o/jarse particles 
by elutriation and sui»sideni;e (such as is characteristic of the 
older, Avet jjrocess) occurs in the semi-dry process, the slurry from 
the wash-mill is ground wet between millstones until ho visible 
particles of chalk remain in it. [In the dry process the clay is 
dried, mixed with limestone finely powdered, slightly damped, 
and moulded into bricks, so that the mixture may ^be con- 
veniently liandled. These bricks are burnt in a kiln, usu.ally 
of the Dietzsch or Jlofl'mann class.] 

p) Drying the Slurry.— The slurry produced by either of the^ 
above processes is dried by the waste heat of the kilns (v.i.), or by 
that oi the coke ovens used in some works for coking the coal ( 
vious to burning the ce.nent. It is pumped on to “floors” which’^ 
are made of iron plates, between which the waste gases circulate^J^ 
and dries into irregular cakps ready to be fed into the kilns, 

(3) Burning to Clinker. — The dried, well-mixed raw raateriaUjI 
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!muat be rai.so(l to a clinkering tt^mperature, which is attained at 
almost a white lieat. Tlie siinplr'si form »)f cement, kiln is tlw 
ordinary botth* kiln, wliiclj is a h<»ttl(‘-sliai)e(l brick structure 
lined with firebrick, at the bottom of wliieh a pile of btMisliwood 
and coke is placed to serve for kindling tlie (barge, (Consisting of 
alternate layers of dried 
slurry and eoke. The burn 
ing is discontinuous, and the 
consumption of fuel is about 
40 per cent, of tlie weight 
of the clinker produced. 

The process is uneconomi- 
cal, more modern kilns con- 
suming a smaller pro})or- 
tion of fuel. 'JTio tyjx) of 
furnace known as a “.stage 
kiln” i^EUujeofen) is much 
used abroad, tliough not in 
this country to any extent. 

As shown in Fig. 28, it 
consists of two vertical 
shafts placed hack to back, 
and constituting separate 
kilns. The upper part. A, 
is not in the same vertical 
plane as the lower, B, but 
the two are connected by a 
horizontal chamber, C. 

The charge is introduced 
through the door, D, in the 
upper part of the shaft, 
where it is heated by the 
products of combustion from 
the lower part of the kiln. 

It is raked through the door, 

E, along the horizontal A, Upper part ; B, lower part : C, con. 

V u ° n j r 11 - 1 . nectmg chamber; D, door for chare* 

chamber, C, and falls into i„g. y, working doors; H, grate, 

the lower part of the shaft, 

B, where the combustion attains the clinkering temperature, 
and the clinker being plastic tends to stick to the walls of the 
kiln. It is dislodged by an iron tool through the working 
doors, F, and falls into the chamber, G, where it is cooled hf air 
entering at the grate, H. The consumption of fuel in a Dietzsch 
kiln is about 20 per cent, of the clinker produced. Its chief 
drawback arises from the tendency of the clinker to ball to- 
gether and stick to the walls of the kiln in its passage from 
jfintrance to exit. 

What is probably the most economical form of fixed kiln for 
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burning romeMt is tlu* llotliiiiinii ring kiln (a ])lan of which is 
%howu m Fig. 1*9 i)ut it needs the slniinng of tln^ raw insLerial 
into bricks or blocks, for a reason tliat will be ?,tat(‘(l later. 
For this purpose the bulk of the slurry is dried conipleii ly, 
and tlien mixed with the rest., so that the pnaluct niav \)e 
knoadablc ;#iiltoni!Uiv<dy, when dry raw materials an' used 
the.se are slightly damped; the mixture is then .shapod in 
a brick-miking machine, and, if necessary, Jtntly drieii by 
u supplementary source oi heat, the ren.ainder ol the drying 
being eflected in the kiln. The ITolVnianii kiln, as shoxMi in tlie 
figure, coiisiata of fourteen firebiiek I'hambers, A, through the 
roof of w'hich shoots, B, are arranged .so a.s to distribute the iuel 
between tlie columns of blocks of cement to be burnt, liach 



Kig. 29. — Hotrinaiiii riug kiln. 


A, Chambers ; B, shoots ; C, flue leading to chamber ; B, flue leading to 
shaft ; E, main sliaft. 

chamber is provided with a flue, C, leading into the next cham- 
ber, and also a flue, D, leading to the central main shaft, E. 
The^working of the kiln is as follows : — Each chamber contains 
its complement of bricks. Taking the case where the bricks in 
chambers 1 to 5 have been burnt and those in 7 to 1 2 an* being 
biirnt, tho.se in 13 are waiting to be burnt and thosit in 14 are 
being unloaded ; No. 6, which is already hot enough to start 
combustion, is charged wdth fuel through the slioots, which are 
then closed. All flues to the central chimney except tliat from 
12 are also closed, and the draught from No. 12 dri^w's in air 
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, through the whole senes from an opening in chamber 1 ; the air 
traverses these chambers full of hot clinker, becoming warmed 
m Its passage, i)asBing from chamber to chamber by the flues 0 
7 t! of combustion from 6 pass through the chambers 

7 to U, heating thmr contents and then escaping nearly cool by 
the central shaft. By this means the charges in these chambers 

W “‘■'''"’"■y tompcratiire to one 

just short of chnkering. The diversion of tlie gases from l‘J to 

la ® , .“f,'® sheeted by a shield in the fine lietween 12 and 

Id. 1 his .shield IS often of pa,, or, so that when the temperauire 
nsts .suthciently, It burns through and autoniaticallv includes 
Wo. id in he senes; the dam|,er in the flue leading from 12 to 
the central shaft is then closed, and that in 13 opened. The 
contents of 6 is now thoroughly burnt, and 7 i.s charged witli 
fuel, the wliole series of operations being shifted on by one 
chamber, No. I (the most thoroughly cooled) being unlLled 
and the cold air allo\ve<l to enter through 2. No. 14 at the 
extreme end of the half of the set of ciiambtus in the act of 



burning, is nioanwhilo lilhnl with fresh bricks, and tin* cycle of 
operations indefinitely rept'ated. 

Cement clinker being a highly basic material (v.i.) should not 
be burned in an acid-linod kiln, although this is commonly done. 
An atteinpt to form a basic lining is often miKh? by plasterim^ 
the inside of tin* kiln with slurry. Reciuitly kilns have been 
lined with magnesia bricks, such as air used 'in steid furnaces 
and a “ nouyal ” lining of bauxite has also been employed. 

During the last few years the continuous drying and burnin^r 
V. of cement has been etlecte<l on the large scale, especially in 
America, by the use of cylinders capable of rotation about an 
axis set slightly inclined to the horizontal, powderiid cofll being 
used as fuel. Producer gas and petroleum have u*’so been tried 

' ^ Qm '‘f ® rotatory process 

(Jig 30) the raw materials are conveyed to the upper end of 
. buriiing cylinder, which terminates in the ohimiiey. This 
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Cylinder is al) lut CO feet long and 5 to C feet in tliameter, con- 
verging towards t)je lower end. It is m:ule of steel platens lined 
with firebrick rich in alumina. This material, however, being 
too <acid to withstand the a -tion of cement at a clinkering tem- 
perature, m^st he protected in the hottest portions of tiu' kiln 
by means of a furtlier more basic lining. Bricks of inagnosia, 
bauxite, and cliroiiKJ-iron ore have; been used for this purpose, 
but the most effective lining appears to consist of clinkor its<df. 
It may be applied either by strongly heating the firebrick and 
thon placing a coating of cliid;cr on it. or. hettiT, by first 
putting a layer of common salt on the firebrick, licating the 
kiln, and tlu'ii introdinung the raw matcu'ials. wlii(dj, as they 
reach the clinkering 7.on(‘, are beaten and pnvssed down so as 
to form a lining of cliidvor of sullicieiit thickness to prevmit 
its junction with tlie fireclay from reaching a clinkering tem- 
perature. 

The raw materials may he introduced into the cylinder (drher 
in the dry or wet state. In the latter case they are dried by 
the waste heat in tlio upper part of the cylinder itself. Tf wet 
raw materials are used it is economical to employ a longer kiln 
in order to \itilise the waste heat of the products of comi)U8tion 
effectivedy. Kilns as long a.s 100 feet have beam constructed, 
By the time tliey reach the clinkering zone, which comiuences 
10 to 20 feet from the lower end of the cylindt.T, they should 
be completely dehydrated and all carbonate of lime should he 
decomposed. At tlie lower end of the cylinder the fuel (pow- 
dered coal) is introduced from an injector by means of n blast 
of air, which receives a preliminary heating by traversing the 
first cooling cylinders into which the burnt clinker falls through 
a shoot. On leaving this cooling cylinder it goes to the crushing 
rolls, where it is crushed into small pieces and at the same time 
sprayed with enough water. The object of the addition of water 
is to wet the clinker to such a point that, when it is ground, all 
unsaturated lime compounds may be slaked, and the resulting 
cement may be “sound” and free from tendency to expand 
unduly and crack. 

The consumption of fuel in the rotatory process is about 
30 })(*r cent, of the clinker produced, but as the process is. 
continuous, and the passage through the burning cylinder' 
onl^ requires about three hours, the output per kiln is far 
greater than that possible with fixed kilns, as two rotatory 
kilns produce as much burnt clinker as five Dietzsch kilns/ 
'lorecfver, the cement produced by the rotatory process is 
superior quality, being more uniformly burnt and containing no^ 
underburnt material. The saving of labour is also con8iderablej;| 
the use of the process is consequently extending rapidly. I 

(4) Grindiug the Clinker to Cement. — Well-burnt^ clinker 
in the form of dark brown or greenish-black lumps, so hard,a®| 
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to need much power for comminution. As cement is usually so* 
finedy ground as to leave little or no residue on a sieve having 
2,500 meshes per square inch, the choice of a grinding plant is 
of mucli importance. 'I’he clinker is first reduced in size by 
a 8tonebr('akcr, after which the grinding proper t§kes place. 
Usually, in this country, BVench burr stones set horizontally 
are employed, with or without sieves to size the product and 
to prevent coarse particles finding their way into the finished 
cement. Edge-runners are also used, and, abroad, ball-mills are 
extensively adopted (see Basic slag^ Vol. II,, p. 120). Since 
the occurrence of a demand for more finely-ground cement, 
more economical and effective systems of grinding have come 
into use. Ball-mills followed by tube-mills are commonly used 
in modern plant. The ground cement is generally stored, and 
turned over to aerate and .slake any small (juantity of unsatur- 
ated lime which it may contain, before it is put to use. When 
th(^ cement is made by the rotatory process, and the clinker is 
quenched and watered as it comes from the kiln, this storage 
is urine(‘<‘ssary. 

(5,) Composition and Properties of Portland Cement The fol- 

lowing table of analyses givi's th<^ (•om|t()sition of typical samy)le3 
of dried clay, slurry and C(*m('nt (for cli.slk analys('s s<‘(' p. 13S) : — 





si ni l y. 


Cement. 


I'. ri-. Ml. 


1’iTft‘Mt. 


Percent. 

Hand, . . . 


. . . 


Si( ) 

20 -08 

Coinhincd SiO... 


!•>..( >3, . . . 

(IK) 

lii.'oliihlcriisiilue 

0-82 



. . . 

2r)I 

.■\1..() 

9 -50 

iV)j. . . . 

7-7 1 

(,'a() (not as) 

MB 

l-'e.,! > 

4 06 

CaO, . . . 

•2-04 

CaCO;), . \ 

1 ’a( ) 

61-00 

MaO 

803 

1 ‘m; 

MgO,. . 

on 

M-O 

1-07 

im; 

Sami ami clay, 

ric.s 

SO 

1-04 

Combined wa- \ 
ter ami loss, f 

12 07 1 

: .Soluhlo SiO.^, . 

ti'JH 

H,Oi-(’0.,.. . 

0-46 

' Combined H.X) ) 
and loss, . | 

; 4-14 

Alkaliii.s and loss 

0-41 


100 -00 i 


; 100 -00 


lOO-OO 


The fact that cement is gejiierally burnt witli coke containing 
10 per cent, and upwards of siliceous ash, makes it necessary to 
: use enough chalk to provide lime for the acid constituents of the 
r ash j whence it follows that a slurry containing a suitable per- 
Soentage of calcium carbonate for burning with solid fuel, 'would 
. tend to yield a cement with an excess of lime if burnt witn 
/ gaseous fuel, or in a rotatory kiln in which the ash of the fuel 
[ is not mixed with the clinker, but ja carried through with the 
^■ draught, j Variations in the content of ash and the quantity of 
consumed, therefore, involve variations in the composition 
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of the slurry. Ciilculation of the coiiipo.sition of a cement from 
the known composition of tlie slurrv from which it is made is, 
cons(‘(piently, not «‘.\act unh'ss the ;ish of the fuel he takcui into 
account. The following is an outline of tlie chief relictions 
wliich oeciy in hiirning cmnent:- .At a (empi'raturi* of ahout 
600° (■. 1,112° K. the clay is dehydrated, and at 800' to 000' ('. 

= 1,472° to 1,652° F. the calcium earhonati^ i.s convertt'd into 
caustic lime. A reaction then h(‘gins h(‘iw<‘en the elay and the 
lime. Where the ])articles of linn* and clay are in contaet, 
fusible douhle silicatt's are ]>rodueed, and serve as a llu\ to I'aiiso 
th<‘ union of the lime with the .silica, to forni tiiealeium silicali*, 
which is the chief cementitious co!iipouii<l pn'seiit in eeimuit nml 
is infusihlc per and calcium aluminates, which are fusihle. 'I’ho 
clinker of Portland ceinmit is suHieieiii ly basic to eaus«* th(‘ h'rric 
oxide of the clay to function, like the alumina, as an acid, and to 
form calcium fm rit<‘s. Completoness <if rt'act ion is never attaim-d 
in practice, chieily because it is impra<’t icahle to fns«? the clinker, 
which is at most pasty, so that perfect I'ommingling and con- 
seijuent union of the aide! and basic constituents a.in not. at- 
tained. I.ocul ex(tc.sR of acid consiituents and local (‘xeess of 
basic constituents may occur in clinker, tlu^ mean eomjiosition of 
which is correct, Ii follows that cliid;cr as drawn from the kiln 
is a soiiK^what heterogeneous product. 'Pliree main tnalm ials can 
he di.stinguished therein. (1) Hard coherent dark clinkc'r, con- 
taining tricalcium silicate (3CaO. Si< >.,) as its e.ssential const ituent. 
(2) “Fallen” clinker or dust, n‘sulting fnmi the spontaneou.s 
disintegration of clinker containing didicicmcy of linn*, and duo 
to the presence of dicalcium silicate (2(‘a().Si( ).,) as the pie- 
dominant constituent. (3) Hnderhurnt clinkiT, yellow and ]»ink 
in colour, in which complete reaction l)clween the lime and iday 
has not occurred, and which contains free lime. To secure the 
best cement, only sound clinker .shonhl be ground, but it is usual 
to send all except greatly uiiderhurnt material to the crushers. 
It is probable that the fallen ceim-nt j)Oor in lime and the, under- 
burnt portion containing free lime may, nevertlndess, serve aa 
cement by mutual action on mixing with water, the said action 
being analogous to that taking place betweim jiuzzuolana and 
lime (p. 153). It is evident that reliance on such a possibility 
is not calculated to produce sound cement; tlie object of the 
cement maker should be to effect complete union of his raw 
mSterials. 

The important constituents of good cement are tricalcium' 
silicate (GCaO.SiOg), tricalcium aliiminate (3CaO. AlgOg), and^ 
tricalcium alumino-ferrite (SOaO.AlgOg.FegOg). Besides th<‘8«. 
there are found as subsidiary constituents dicalcium silicata 
(‘2CaO.SiO.,) and monocalcium silicate (CaO.Si02); the former:' 
is remarkable for its change of state on cooling, for, its crystaUr 
being twinned and contracting unequally at opposing faceSi^j 
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Separate ana cnus cause any mass composed of it to fall to 
powd^er. It is the presence ot this substance which induces 
the falling of cement. Sound cement contains no free lime 
(see Vol. 1.). 

Since Le Chatelier’s researches, experiments have^been made 
by Newberry, who has arrived at conclusions concernin<^ the 
con^Uution of Portland cement generally similar to tbasc of 
; Le Chate^ but differing in certain details. Thus Newberry 
holds that while the chief silicate is tricalcium silicate, yet the 
chief aluminate is not the tricalcium salt but dicalcium alu- 
minate. He regards the function of ferric oxide rath(;r as 
promopng the combination of lime with silica and ahimiriM, 
than in forrning useful cementitious substances itself, and 
thinks that in calculating the quantity of lime required to 
saturate the acid oxides of a given clay, the ferric oxide iietal 
not be taken into account. In like manner, as magnesia does 
not act as a substitute for lime in cement, it is ignored in 
proportions of acids and bases in the clinker. 

Tlte s(^tting of Portland cement is in nature similar to that 
of other hydraulic cements (save slag cement and puzzuolana 
cement) and is essentially a phenomenon of hydration. The 
successive changes that occur on mixing Portland cement with 
water to form a paste are as follows :—(l) Loose compounds of 
June e.y., calcium ferrites — slake and are decomposed ; (2) tri- 
calcium aluminate reacts with water and calcium hydroxide (this 
latter having been produced by the decomposition of tricalcium 
silicate {v.l) and calcium ferrites) according to the equation— 

3CaO . AI.P 3 + Ca(OH)o + IIH.O = 4CaO . ALA • 12H.0 - 

•This causes the initial .setting of the cement; (3) tricalcium 
silicate reacts with water thus : — 

2(3CaO . SiOo) -I- 9 H 2 O = 2(CaO . SiOo) . 5H,0 + 4Ca(0H).. 

The hardening of cement and the attainment of its character- 
istically gr(‘at strength are due to this reaction. The products 
pt hydration of tlic tricalciuni aluminate and tricalcium silicate 
pass into solution, and subsequently crystallise from their super- 
saturated solutions tlius formed, in a manner similar to tliat of 
plaster of Paris (p. 142). Thia explanation is confirmed by the ob- 
servation that the temperature of the cement after gauging with 
^ater does not immediately rise, but begins to do so after a few 
jmoments ; the period of delay probably corresponds with tliat of 
pissolution, and the rise of temperature indicates the beghining 
of crystallisation. Commercial Portland cement of good quality 
Ihould contain the maximum possible proportion of tricaloiuin 
silicate and tricalciuni aluminate, bvt should have no exce.ss of 
j^ic constituents. Its composition should, therefore, fall within 
|hQ limits expressed by the equation — 
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CaO + MgO 

SiO, + Alp., - 

In this equation tlie quantities are expressed in equivalents, not 
in percentages. Its meaning is tliat the total basic constituents 
of any cemtnt expressed in equivalents must be equal to or less 
than three times the total acid constituents also expressed in 
etjuivalonts, so that utter the formation of tricalcium silicate and 
Iricalcium alurninate there may remain no base unsaturated. 
All methods ot stating the ratio of acids to bases in terms other 
than equivalents are necessarily meaningless. The quantity of 
magnesia in good Portland cement should not exc(‘cd 0 per 
cent. The addition of plaster of Paris to the cement during 
lh(‘ grinding, in order to lengtlien the time of sotting, is very 
common, especially in the case of the cements produced by the 
rotatory process. These cements do not contain tlie sulphur 
(as sul])l)ates) of the fuel, which goes up the chimney witli the 
flue gases. In cements burnt in fixed kilns this sulplmr ia 
retained. Hence the addition of plaster of Paris or gy]>sum, 
to increase the pro})ortion of sulphates in the cement and to 
lengthen the time of setting, is more frequent in tlie case of 
cements made by the rotatory process. 

Puzzuolanic Conionts. — Certain silicates deoomposahlt^ by 
acids and partly suluble in alkalies, are suflicieritly active to 
combine with slaked “fat’’ lime to form calcium Kilicat(^8 in-* 
soluble in water. In consequ(mc(; of this property, mixtures of 
these silicates and lime have long been used as hydraulic cement. 
♦Such are : — 

(1) Puzzuolana. — Puzzuolana is a volcanic tufa found largely 
in the neighbourhood of Xaphjs and Koine. 

Tlie following ari! analysc.s of each kind : — 




iioinnn. 


JVr (viit. 

I’er cent. 

Sohihlfl silirji, ...... 

27-80 

32-04 

Insoluhlo silicooiiH ro.si»lin-, 


25-04 

Al,0, + l.V,0, 

10 -80 

2274 

CaC), .... 

6*08 

4-06 

; 

0 85 

l-,37 



Trace 

Trace 

U.jC) + CO.,, ...... 

4 ’21 

8-92 

Alkalies and loss, 

6-72 

4 - S 3 


100-00 

100-00 





(2) Trass is also a volcanic tufa, and is found in the Rhine ‘ 
iistrict. Its composition i.s similar to that of puzzuolana. 

(3) Santorin earth, from the Greek island of San\oriu, ia - 
mbstance of like character. 
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^ (4) Blast furnace slag is prepared by granulating a slag rich 
in Jime-~e.^., containing 50 per cent. CaO, 30 per cent. SiOg, 20 
cent. The granulation is essential, as if the slag 

')e allowed U) cool slowly and assume a crystalline state its 
jheniical^ energy is decreased, and it combines but feebly with 
.ini(‘. 1 he grarnilation is effected by allowing the molten sla" 

;o flow tfom the blast furnace into a trough of running water. ° 

Ciunents are made from these materials by mixing them 
preferably finely ground) with lime, in proportions varyin<>' 
rom 1 : 1 of lime to 4 : 1 of lime. Slag cement is made on a 
Jonsiderable scale by mixing very intimately, in a ball-mill, Hnely- 
p’ound granulated blast furnace slag with about one-third its 
veigliL of slaked lime. It attains nearly as high a strength as 
Port.land cement, but is usually slow in setting, taking” 6 to 
.2 hours, this property being characteristic of cem(mts”of the 
juzzuolana clas.s. Lately it has been found that, by the regu- 
ated cooling of blast furnace slag containing 45 to oO per cent, 
d' lime, a material can bo produced wliich when ground will 
set /IS <‘i cement without the addition of lime; a mixtun; of slag 
thus ti'c/ited and about 10 to 15 per cent, of Portland cement 
. has /I strength comparable with that of Portland cement. 

Artificial Stone. — The cheapness and great stro/igth of P(»i t- 
V land (viuent have led to its use in the manufacture of various 
kinds ot artifici/il stone. Concrete (see Vol. T.) is a rougli form 
. of artificial stoin^ and the preparation of both mat(‘rials is 
conducted on the .same gemu-al lines— viz., the cementing together 
- of /in “aggregat<‘” composed of fragniimts of natural stone by 
moans of Portland or other suitable cement. The natural stone 
(«•</•» granite in the form of ohippings) is mixed with cement 
mortar (i.e., cement and .sand), made into a plastic paste with 
water, and moulded into any desired sh/ipe. Such artificial stone 
is soimuimos treated with a strong solution of silicate of soda 
{w(Utr glass)— {k)v the manufacture of water glass, v.i). Tho 
effect «)f the sodium silicate is to nsiot with the lime set free by 
the hydr/ition of the cement (p. 152) to form calcium silicate, 
the caustic soda liberated being afterwards washed out. The 
Btrength of the stone is thus increased, and its porosity dimin- 
. ishcd. Where Portland cement is not a constituent of the stone, 
the materials may be mixed witli water glass, and saturated with 

■ calcium chloride solution, calcium silicate and sodium chloride 

• (the latter removable by washing) being. formed. * 

Artificial bricks are made in large quantities by mixing s/ind 
with slaked lime, moulding the mixture into bricks, and Imatiiifr 
these in steam under pressure. At a temperature cprresponding 
with about 150 lbs. pressure (.say, 160“ C. = 320“ F.) the lime 

■ acts upon the s/ind, forming calcium silicate, which acts as a 
cement and binds the sand together into a coherent mass of 

{ lufiicient strength for building purposes. 
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* Water Glass. — Water "lass {sohthft* is an alkali silicate 

Bolubl<‘ in water. Ib is inailo by fiisin" silica, in almost, any 
convenient form, with .sodium or potassium carbonate. The 
addition of a little carbonaceous matter .small coal) ai'ls 
the reactif>«i, pt)ssibly owiri" to a tendency towards the ft)rma- 
tion of Na.,() (or K^(.)) by the oxidation of sodium (or K), 
libei’atcd by the carbon. When sulphate is siil'.stitut(ul for 
carbonate, the presi'nce of carbon reduces the .sulphate, to 
8uli)iiide, which acts freely on the silica. Finely dividcMl silica 
may also be heated with a solution of caustic alkali niiiier 
pressure, for the same manufacture. Tlio rna(‘ti(m i.s aid('d 
by transforming insoluble forms of silica, su<‘b as Hints, into 
th(5 more soluble variety by heating them to redness, and 
quenching in water. Commercial soluble glass varies bctwecui 
the limiis Na.^O . ISiO., anti NaoO. tin* commonest grade 
being about Na,/,). .‘ISiO.,, and is made by ftl.^ing - parts of 
quartz sand with 1 part of .sodium carbonatci and O'l part of 
small coal. The solubility varies inv<*rsely as the [u'oportion 
of silica, a glass ricli in silica Ixu'ng v(*ry sparingly soluble. 
Consequently, soluble gla.ss is often sold in solution, as tbo 
solid is a])t to be .slow to dissolve. Soluble glass is decom- 
posed at the ordinary temperature by the feeblest acids, even 
CO.,, gelatinous silica being separated. Besid(‘s being ijs<‘d Ibr 
making artificial stone, soluble glass i.s emploved for rend ring 
wood fire-proof, as a detergent, and for protecting natural stone 
of a quality that does not weather well. 
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CHAPTER VII. 

CLAY INDUSTRIES AND GLASS. ® 

CLAY INDUSTRIES. — Clay. — Typical pure clay is kaolin, 
2SiO2.Al2O3.2H2O, corresponding with the composition SiO.^ 17*1 
per cent., AlgO^ 30*2 per cent., HgO 13*7 per cent. Such typical 
clay results from the weathering of granite, a rock which contains a 
felspar (orthoclase, K^O. Al203J3Si02,or albite, Na^O. Al^O^.dSiO.,), 
a mica, generally potash mica, K.20.3Al203.4Si02, and quartz. 
By the weathering process the alkalies are leached out, and the 
silicate of alumina is hydrated and washed away from the less 
finely-divided quartz. White granites which contain soft earthy 
felspar (see Vol. T.) are more easily weathered than tlio.se con- 
taining orthoclnse, and yield an approximately pure knoliu. 
It will be seen that the purity of the clay resulting from this 
weathering process depends upon the composition of tlie parent 
rock, the perfection of the elntriation and the nature of other 
Alluvial deposits with which the clay has become mixed. The 
following analyses show the compo.sition of typical pottery clays 
containing much or little nearly pure kaolin : 



Piii-f! Kuolin 
(Zottliiz). 

Kaolin witli 
Quartz. 

Kaolin with 
FeKpir. 

Kaolin clay suhstanco,* 

J’er cent. 

90 0 

Per cent. 

Per cent, 

r*r)-9 

Felspar, . 

1*1 

0'7 

3s -2 

(Quartz, 

2-3 


5-9 


Clays of all classes are fitted for their use in making pottery 
,by two main properties; — (1) The case with which they may be 
moulded and shaped when wet, and (2) their change of state to 

* Containing— 


1 

Ihire Kiiollii 

Ha'tiin witfi 

KA'>lin with 

cakh... 

(‘’’r Silica, . . . 

.1 Alumina, . 

\'Zet:Iitz) 

Qiiiirtz. 

Felspar. 

I’er cot.t 

Per cent. 

Per cent. • 

‘1 .”»•() 

• 4 -) *3 

47-1 

38-1 

371 

3()-0 

Ferric oxide, 

Chej l.iiiio, . . 

Magnesia, . . . j 

Wan*r, . . . ' 

0 9 

1:3 
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i 
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liard unaltf^niblo couditiou when tired. The former of these 
two properties appears to depend on the mechanicul condition of 
the clay ratlier than on its clieniical composition. kjudiri 

is less plastic tlian are clays containing certain impurities — 
e.g.. free hydrated silica and ferric oxi<le. A comparison of tho 
analys(‘s or the clay substance of kaolin clays with those of tho 
clay substance of emim'ntly ]ilastic clays, shows in tin* trim clay 
8iil)s(ance (as distinct from ipiartz and felspar) of tin* hatic*!* class 
of clays, a slightly highi'r jiercimtage of silica, Icrric oxide and 
alkalies aTid a lower [icnamtage of alumina and water. I'ho 
changi' wliicli clays undergo on hi*ating is one of d-diydration 
and agglomei'alion accompanied by much shrinkage, Pure 
kaolin is extremely refractory, being infusible at the tempera- 
ture of the porei'lain furnace. The general (‘fleet of im/>iiritit s, 
(‘specially of ba.ses, is to lower the fusing point of kaolin. TIkj 
eflect is, how(‘ver, nob continod to base.s ; silica will also i nvcp 
the melting ])oint of kaolin by tin*, formation of double silicates 
wit h such unsatu rated bases as may bo pn^sent in the kaolin as 
impurities. Further addition of silica (which is itself ird’usible 
at the temperature of industrial furnaces) will again raise the 
melting point. F(|uivalont quantities of bases lower tin; mi'lting 
point in the following lualer : -K.p, Fe.^Oj^, OaO, MgO, the last-* 
named having the greatest eflect, for equal weights, d’ho clays 
fall into the following classes, according to their chief industrial 
use : — 

(1) Porcelain clay or Cornish clay, approximately pure kaolin, 
pour in plasticity, refractory, burning to a whiU^ or light cream 
colour. 

(2) Plastic clay, more impure than the foregoing, more plastic 
and less refractory ; it burns to a yellow-red colour, and is used for 
ordinary earthenware, and its commonest variety serves for brick 
making. Mixed with calcium carbonate it constitutes clay marls. 

(o) Fireclays. — These are clays found chiefly in the coal 
measures which, so far as the true clay substance is concerned, 
approach porcelain clay in composition (though often containing 
more iron), but contain more silica as quartz. Tliey are highly 
refractory, dark in colour, and are used for furnace linings and 
crucibles. The variotiijs, rich in quartz, form a link iietween 
normal fireclay and such highly siliceous substances as Dinas 
“ fir (day ” (with 97 to 98 per ceflt. JSiO.^) and ganister, which 
areiuse(l for making specially refractory bricks. 

Bricks. — (^nniuon brteks are made of the commoner kinds of 
clay, (;ontaining sufficient sand to prevent undue shrinkage on 
.burning. The clay is weathered, and large .stones and lumps of 
limestone, pyrites, <fec., which would tend to disintegrate tha 
bricks alter burning by slaking and oxidation, are removed, 
and the clay pugged to *a smooth paste, moulded into a 
rectangular rod and cut into bricks. A better grade is made 
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moZ >ml.vi.l.,nllj- l,v p..essur,. in a suitable 

rr tl! 1 ft"'' “««i'>nally in closed kilns- 

fi-y., tiu, llof iimnii kiJii (p. 14/). Tiio chief chari<re nrodiiced 

tionTf"ti f “? of TOiiii'ion bricks, laniaists in tlio dclivclra- 
T ' ‘"•"y a '■*'0 '"o'’o fusible c^mslilucnts 

Tlie colour of the linisi.cd brick <1, .ponds on the i.ercen .o' of 
iroii l)re.scnl the pr.j])ortion of lime in the brick earth, and the 
rp] At iiiodorato temperatures a vellow or 

fir Lf 1 ? \ temperature of 

f ^ ^ ^>lue or black colour results from the 

f • I'" containing more or less marl, and are 

cdatahigh temperature. Usually asalt glaze (p. 162 ) is <dven 

are'Th* sintered througliouC and 

aie,^ theiefore, tolerably impervious. Glazed bricks are made 
more carafully and of better materials than ordinary bricks, and 
11 grazed in the sanje manner as stoneware (p. 162) 

Fill ilT^^ lead g azes rendered opaipic with stannic^ oxide! 
Firebiicks are made from fireclays mixed, if necessary with sand 

iTf!!!! on exposure to sudden changes 

of temperature. Ihe following analyses exldbit the ditiereuces 

fcu" TuX;?-™" of 


Brick clay. 

Quartz, , 

Felspar, 

Calcium carbonate, 

,, sulphate,. 
True clay substance, 
Consisting of :— 
Silica, . 
Alumina, 

Ferric oxide, 
Magnesia, 
Alkalies, 

Water, . 


Per cent. 
lt>-42 
.‘1-27 
4-45 
OOo 
74-91 
Per cent. 
46-96 
36-42 
2 80 
0-87 
0-91 
12-04 


Fireclay. 
Quartz., , 
Combined silica, 
Alumina, 

Ferric oxide. 
Lime, . 
Magnesia, 
Potash, . 

Water, , 


Per cent. 
84 -39 
5-Jl 
5-40 
0-21 
0-20 
0 09 
0-61 
3-74 


W*"* “"‘“jns numerous fluxing constituents— e.o., lime 

W ox.de and felsps, --while the latter is ..early f.-ce fron. 
sudi substances, and is accordingly refractory 

Tiles are made from clay suitable for bricks, but of rather 
They are burnt in kilns in the same manner as 
preparation which pfesenis 

“‘'’‘‘"S ‘''® '>nv, slightly 

damping It by sprinkling pressing the feebly coherent powde^ 

In “ P? -‘>‘6 raw tile thus prhuced 

In pioducfflg tiles with coloured patterns (encaustic tiles) a layer 
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of the bi'st clay is put on to a body of coarse clay, which is still 
further l)ackr(l by a common clay. The face of tlie tih‘ is pressed 
on to a plaster of Paris mould of the retpiired pattern, aiul the 
indentations thus fonued are tilled with a slip consisting of i^lay 
mixed with the reipiircd colour, the tile thus oriianieiitetl being 
burned in ♦saggers (p. IGO) and glazed. Tile.s are fi eijiienily 
glazed, the g<meral inethoils being similar to those used for 
earthenware (p. 1G2). 

Pure kaolin wouhl bt; useless for making pottery, as its in- 
fusibility and large eontraetion on lieating prevent its eonsoli- 
dating to a sound elink*‘red mass. The first drawback is nii't by 
tlie addition of some Ilux o'.g., felsp.ar— and tlie .second by the 
admixture of an inert infiisibh* aggregat»‘, such as sand. The 
three main classes into which pottery can be divided are (1) 
porcelain; (2) stoneware; (.*1) earthenware. Tn th(‘ first, the 
liody of th(' ware is clinkered throughout, and no hanl line of 
(bunarcation exists between the glaze and the body of tlic ware. 
When thin it is translucent, and being made from tlie jiurest 
materials it is white. In the second, less pure materials are 
used, and tlie wan*, is coloured and ojiaque, but the body and 
glaze are similarly inseparable, and the liody itself is impervious. 
In the third cla.ss, the body of the ware is pervious and presents 
no sign of sintering, and the glaze isadlierent only, and not truly 
incorporated with. tiu‘ body of the ware. 

Porcelain. — Hard Porcelain. — This is made from a mixture 
of kaolin, felspar and quartz, which must be ground, sifted and 
levigated. A mixture used for Berlin porcelain consists of 55 
parts of true kaolin, 22T) of quartz and 22’5 of felspar. The 
quartz is not added as such, Ixdiig present in the kaolin used. 
The kaolin is made into a tliin paste with water, the quartz (if 
needed) and felspar are ignited and quenched in water to disin- 
tegrate them, and also made into thin pasties, all tliree materials 
being mixed by ])uni})iiig from one ves.sel to another, and then 
separated from the surplus water by filter presses, the resulting 
mass being in a kneadable condition. The plasticity of the paste 
is often improved by weathering ; the cause of this improvement 
is imperfectly under.stood. Tlie vessel to be made is fashioned 
either on a potter’s wheel or by moulding — i.e., by pre.ssing the 
jiaste either in its moist form or after drying, powdering and 
slightly damping (so as to stick together), into suitable moulds, 
or bj casting the liquid paste in a plaster of Paris mould, which 
absorbs the water, leaving a coating of raw paste. In this last 
case repetition of the process can be carried on until the desired 
th^ckn^s is attained. The ware, however prepared, i.s allowed 
1 .) dry very slowly, and is given a first baking (“biscuit firing”) 
at a moderate temperature fTOO” to 800"“ C. - 1,292’* to 1,472' R), 
whereby the kaolin is dehyamted and the goods become strong 
enough to hear handling. The ware ia protected from dust and 
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direct contact witl» flame in the kiln by being enclosed in 
“saggers, "which are boxes made of refractory clay and built up ih. 
columns in the kiln. During the first burning the ware shrinks 
about 3 j)er cent, of its linear dimensions. When ordinary glazed, 
as opposed to biscuit, porcelain is to be produced, the ware after 
the tir.st burning is dipped in a slip of a similar cociposition to 
the body of the ware, but more fusible. Thus, Berlin porcelain 
is glazed with a mixture of kaolin, fels])ar, quartz, gy[).sum, or 
marble, and broken porcelain, A typicid glaze of this class has 
the composition 10 SiO^, 1 Al^Og, 07 CaO, 0'2 MgO, 0-1 K.,0 
(stated in ecjuivalents). The materials for the glaze are reduced to 
an impalpable powder and made into a thin slip with water; the 
goods are dipped ii» tlii.s slip and retain a coating of the raw glaze, 
alter which treatment they are dried and burnt a second time at 
a t(!m[)erature of about 1,400° to 1,500° 0. (2,552° to 2,732° F.), 
l)uring the burning the body of the ware clinkers and the glaze 
fuses, so that the resulting porcelain is impervious throughout, and 
is not dependent upon the glaze for its impenetrability. A further 
contraction of 7 to 9 per cent, on the original linear .size of the 
goods takes place during this firing. During burning, the ware 
is placed in “saggers” as before, care being taken that no glazed 
portion of the porcelain is in contact with the sagger, lest it 
stick. Similarly, to avoid strain, the clay, of which the saggers 
are made must shrink in firing to the same extent as the goods 
burnt. A kiln frequently used consists of two cylindrical cham- 
bers, one above the other, at the bottom of each of which are 
several firing grates. 0})ening8 from these grates into the kiln 
permit of the passage of the flame to the goods stacked therein. 
Flues from the fop of the lower chamber pass into the upper, 
and thence through the dome-shaped top of the kiln, which 
constitutes a third chamber kept at a lower temperature, tliis 
division being used for the first firing. ‘ The burning usually 
takes about twenty-four hours, and the goods are allowed to 
cool for three or four days before opening the kiln. The progress 
of burning is watched through spyholes, and the temperature 
judg(Hl by tlie behaviour of Seger’s cones, whicli are small 
pyramids made of ditl’erent porcelain mixtuies of known 
softening point, forming a series covering the whole range of 
temperature in use in porcelain burning. The ultimate com- 
position, stated in equivalents, and ap]>roximate fusing point 
of a few of these cones (the full serie-s comprising thirty-six 
numbers) are given below: — , • 
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^ove this temperature, Al^Oj, and SiOj alone enter into the 
composition of the cones, the ratio being 1 Al^Og : 2SiOo (corre- 
sponding with pure kaolin) for the liighest teinperatun'. A 
similar series for the control of the bring of soft glazes, wliicli 
contains B.^Og to lower the melting point, is also in use. In 
Berlin porcefain, as in other kinds still to be described, the com- 
po.sitiou of the glaze should approximate as nearly to that of tli(‘ 
bodv of the ware as is consistent with the greater fusibility of 
the former. The contraction of the glaze during tiring and its 
coethcient of expansion when finished, should ht‘ as nearly as 
possible identical with the same properties of the ware itstdf. 
It must “wet” the Ixidy of the ware and soak into it to some 
extent, so that no hard and fast line exists betwi^en them, and 
they are mechanically one. 

Colouring Porcelain. — Only metallic oxides which yicdd coloured 
silicates are available for decorating porcelain. Coloured glazes 
may he regarded as the ordinary (M)lourless glazes witli one or 
more of the oxith^s of heavy metals suhstituted for lime or 
alumina. It tin; oxides l>e of the type KO, it takes the place of 
an equivalent of lime, and of alumina if it he of the type U.^Og. 

For the colourations imparted hv individual oxides, see 
Vol 1 1., p. 172. Tlio colouring of porcelain is done in one of two 
ways, hi the first, the C(dour(;d glazi* is a]>plied to the. hiseuit 
ware before glazing with the ordinary colourh'.ss glaz(‘, ami tin; 
colour is thus ])robected in the finished w.are. In the seciond 
method, a colourless glaze is first applied, and tlien fusible 
coloured glaz(;s or enamels are painted on the surfaci* of this, the 
whole Ixdng tired in a inutile at a temp(;rature helow tin' fusing 
point of the colourless glaze. In this case the colour is on the 
surface, and is unprotcch'd. 

Soft Porcelain. — All varieties of soft porcelain may he regarded 
as intermediate jn conifiosition and jtrojiertios hetwiMui hard 
porcelain and glass. Thus, the .soft porcelain formerly made at 
H6vres was prepared by mixing 80 parts of white sand, 22 of 
nitre, 7 of salt, 4 each of alum, gypsum and soda, and “fritting” 
the. mass together until incipient fusion (sintering) took jilaee. 
The frit was powdered, and 75 parts mixed with 17 of chalk 
and 8 of a calcareous marl, the whole being washed to a slip, 
moulded and burnt in the usual way. Unlike hard porcelain, 
soft porcelain receives its heavier tiring the first time it entcTS 
the l^In. 'Fhe suhseejuent firing lo fix the glaze, which is a lead- 
alkali glass (see Flint glastiy Vol. 11., p. 172), is carried out at a 
lowf'r tejnperature on account of the fusibility of the glaze. 
Bullish soft porcelain is distinguished by the presence of calcium 
phosphate : a i»ypical mixture con.sists of kaolin 27 per cent., 
China stone (a Cornish clay rich in felsjiar) 27 per cent., bone 
ash 46 per cent. The glaze is a lead glass or a glaze eoptaining 
BgOg, and the firing is conducted as for French soft porcelain, 

11 
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When a clay irac< s of irori is u.-^ed, the yellow colour 

])ro(lucod is corrocted hv th<; atldiii^m ot a small proportion of 
oxide of coli.'ilt to t,lic paste. Soft pf)r(‘elain is well adai)ted for 
oniariietttal purposes, l>iit itis l<;ss resistant than hard porcelain, 
('sjiecially to mpid II net nations of temperature, anti the glaze is 
soft'T, and more lialtie to crack or “craze,” as tite formation of a 
jiet woi k (»1 liair er.ii ks is tm ined. 

Biscuit Porcelain is tin* name given to unglazed hard porcelain. 
Parian is tint ust'd for unglaz<;d soft porcelain, both materials 
Ix'inu^ used for statuettes. 

StonowarG.---Storiewar(‘. likt; j)ore(‘lain, is elinken^d so as to 
lx; impt;rvious, l»ut its constituents liave not been so near fusion 
as to yield a transiiicent ware. It c<»nsists of the same material 
as p(U’<‘(“lain, hut then; is no typical soft variety —e.ij., one 
containing l)ono ash. A comparatively large proportion of fel- 
sj)ar is used, and flint is a characteristic constituent, frt;(|uently 
amounting to half the weight of the mass. The Hints are pre- 
pav(;d by calcining and quenching in water (the silica undergoing 
molectilar change), by winch treatment they become easier to 
grind. Wedgwood ware consists of a clay, but slightly refractory, 
together with kaolin, flint, and China stone (v.s.). Stoneware is 
fired at a somewhat lower temperature than porcelain, and 
generally without the use of saggers. Owing to the impervious- 
ness of the body of the ware, glazing is unnecessary, but for 
goods to resist corrosive liquids (c.y., acid jars, bombonnes, 
cooling worms, <kc.) a “salt glaze” may bo employed. The 
j)roce8s of salt glazing consists in throwing wet salt on to the 
fire at the end of the biscuit firing, whereby the salt is decom- 
posed, and hydrochloric acid and soda result, the latter attacking 
the surface of the ware and forming soda glass thereon. It is 
obvious that such glazing is only applicable to ware which is rich 
in silica, this serving as an acid to unite with the soda. In 
addition to its ordinary uses, stoneware is employed for making 
hard refractory ])aving tiles, the fact that it is clinkered 
throughout adding greatly to its durability. 

Earthenware. — -This material is characterised by the fact 
that the body of the ware has at no time approached fusion. 
Atypical paste for white earthenware consists of “ball-clay” 
(a highly plastic clay) ^5 per cent., china-clay 32 per cent., 
fiint 35 per cent., Cornish stone 8 per cent. In preparing the 
raw materials for such earthenware, magnetic iron o.vide is 
removed by running the slip through a box containing magnets. 
The commoner varieties of earthenware are brown in colour, the 
iron of the clay not having been removed. Glazes for earlhen- 
wai e consist chiefly of mixtures of clay, sand, soda, borax, and red 
lead. The cliief firing takes place in the biscuit state, the second 
being ut a lower temperature on account ol the fusibility of the 
glaze. The glaze does not penetrate the body of the ware, and is 
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easily detachaUIo tliondroni — a distinction from ‘:toncwarp and 
porcelain. As the uso of lead j^lazos has oocasiunally resulted 
in })luiMhisin amon^' the work-people, an altenijil has lati-lv 
l)C(n iiiM(le to us(‘ leadlcss j.;lazes. According to Thorjx) and 
Oliver, the^^realer part, of eartlnoiware may be glazed witlnnit 
using lead, the n«‘\v glaze not being inferior to the old For 
certain kinds of earthenware, however, such us IMaJolica, j(‘t, 
and Kockinghuin, and for enamel colours in ground - laying, 
glaze.s containing haul must ho used. They should l)(‘ emjdoyed 
iji tln^ Ibrm of “fritts,” in which the lead silicate lias l)ecn 
actually fused with the other ingredh-nts, and should a})proxi- 
niatit to the formula ll^bO, COaO, ll(Na. K ).,(), 3 A1,,0,,, L'lv,0,j, 
37Si().,. The compositions of two h*adleas glazes, a lead less 
frilt, as well as of a fritt containing lead, follow : — 
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There is little doubt that lead less glazes can be used, although 
less easily than the ordinary glazes containing lead. It is cer- 
tain that the use of lead glazes in itself is harmless; injury 
arises from carelessness on the part of both workman and 
employer. 

The common English kiln for firing earthenware and stone- 
ware consists of a domo-shaped hood containing a circular oven 
with a bee-hive top. The flames from *he fires, which are situated 
round the base of tlie oven, enter ])artly through flues running 
up tffe sides of the oven and partly underneath it ; the wares 
are imbedded in sand or ground flint in saggers with which the 
oven is filled save for spaces to allow the circulation of the flame. 
Holes in the crown of the oven admit of the escape of the flue 
gases into the hood which creates the necessary drauglit and 
protects the furnace from weather. In modern practice regenera- 
tive gas-firing is much used, and the HoflTmann kiln (pT 147) 
also employed to a considerable extent. 
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GLASS. — Glass is defined as a mixture of silicates, one 
which is always the silicate of an alkali. It is amorplious, very 
difficultly attacked by water and acids, and usually transparent. 
No single silicate fulfils these conditions. The silicates of the 
heavy metals are usually coloured, and are, therefore, only used 
as constituents of coloured glasses. Most ordinary colourless 
glasses fall into two classes — viz., alkali-lime silicates and alkali- 
lead silicates — for these silicates, unlike most others, have but 
little tendency to crystallise on solidification. The mixture of 
silicates for glass making must be so chosen that it shall melt at 
a yellow heat* and be plastic at a temperature considerably 
below this. These conditions are fulfilled by mixtures rich in 
alkali .silicates, but these are too easily attacked by water to 
be available as glass. Double silicates, free from alkali, are suffi- 
ciently resistant to water and acids, but need a higher working 
temperature than is convenient for glass making. 

Most glasses corre.spond with tho formula 38102. RO, where RO 
stands fbr both alkali and lime (or lead oxide). The alkali and 
lime (or lead oxide) vary in proportion from 1:1 to 5 : 7 (in 
equivalents), corresponding with the formuhe NaoO.CaO.GSiO., 
and 5Na20.7Ca0. 368102 ; in the.se formula' Rdfinay t:ike i lie" 
plac e of Na.20, and PbO that of CaO. 

There are many varieties of glass— the chief of which will be 
described l)elow — but the main raw materials, which fused 
together form gla.ss, are comparatively few, and are included in 
the following list : — 

Raw Materials.— (1) Silica.— 'I’hi.s is now almost alwavs 
quartz sand. For the best kinds of glass it must be as free 
as possible from ferric oxide, to remove which treatment with 
hydrochloric acid is sometimes practised. For commoner glass 
O-f) per cent. FcgOg is permissible. In England, Lancashire 
and Bedfordshire sand is esteemed for glass making, and on 
the Continent deposits of great purity occur at Aix and Fon- 
taiiihleau. Belgian sand is also much imported into this 
country. Quartz and Hint are also forms of silica sometimes 
used. Whichever be adopted it is advantageous to heat to 
n-dness and quench in water to increase the ease with which 
th(' silica is attacked in the melting pot. 

(‘2) Alkali. — Sodium carbonate free from iron, made bv either 
tlie Leblanc or the ammonia process, is the chief form of alkali 
employed in glass making. Tlie reaction between sodiu^ii car- 
bonate and sand when fused together is represented by the 
following equation : — 

NaaCOj + 3Si0.j = Na.p.3SiO., + CO.,. 

Sodium carbonate has, however, been displaced in great measure 
by sodium sulpliate, which, whenmeeded especially free from iron, 

* For'iho temperatures corresponding with this and similar industrial 
terms, see Vol. I. 
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crystallised in lead pans for tin* glass industry. 'J'lic same 
gait obtained as a bye-product from tlie Stassturt deposits, js 
also used. Sodium sul})iiate is decomposed by silica at a high 
temperature, thus — 

X.a.^SO^ + 3SiOj = Na..0. 3.Si()._. -j- SO^. 

The reaction is facilitated by tin* addition of carbon, which 
reduces S(.)j^ to St>.,, 00,. being simultaneously formed. It will 
be seen that 71 jiarts of .sodium suljihate an* nec'dt'd to replace 
7)3 parts of sodium carbonate. 'Phis and the higher temperature 
in‘C(“Ssarv, tend to reduce the advantage gaiin*d by substituting 
the cheajier sodium sulpbatt^ for sodium caibonate. 'Pbe ust- of 
carbon mu.st be n“.stricted h*st Na.,S Ik* fornn*«l, which dissolves 
in tin* glass yielding a y<‘llow or brown colour. A still clie.iper 
source of soda for glass making would Ik*, salt, w(‘r(* it noi that 
the volatility of XaCl and tin* fact (bat stt*am is necessary for 
its (h'composition by Sit).., have hi(.li<‘rt.o prevented its adoption 
on a manufacturing sc;de. Ordinary jHit.-isb glass is made from 
ci'ude carbonate* of peda.-.h oj* w'oud-ashcs, wliile reliiK'd p(»(;is,sium 
carbonate is used lor tin* la'st grades. Ihitassium suljiiiato 
cannot well be substituted for tin* carbon ite, as it is t.nly 
.lecmmpo.sed with ditliculty in the manm*r praclisisl for .sodium 
sulphate*. 

.'•) Lime. -1 'lire marlih* is used for the best glass, and lime- 
stone or chalk or tln^ common kinds. Marls (containing clay 
as wi;ll as <’a(H)„) aia? sf)nn‘t iiin*s used, a portion of t li(‘ir aluniin:i 
('titering into tlni: composition of tlie glass. .Maiiv siliceous 
minerals, especially such as contain alkali • e.f/., felsji.-ir - niav la^ 
used for common bottle glass. 

(4) Lead oxide is most freipiently used in the form of minium 
(red lead, Pb 304 ), more rarely as litliarge (PhO) ; the exi less of 
oxygen in tlie former is an advantage tending to jirevi'iit reduc- 
tion of the metal ; the latter is not only destitute of this excess, 
but frequently contains some metallic lead. 

(5) Gullet. -This i.s the technical term for broken glass, which 
material acts as a flux, aiding the reaction hetween tlu* con- 
stituents of the new glass, ami thereby hindering loss of alkali 
by volatilisation. For tine glasses care must be taken tliat tlie 
culU*t approximates to the composition of the glass to be made. 

(6) Correctives of Colour.— Th(*se are of two classes, those 
which tint the glass with a shade complementary to that due 
to tfie impurities in the raw materials, and tho.se which act as 
oxidising agents. Manganese dioxidig the best known of these 
additions has long he(»n used under the name glass maker’s soap, 
on ‘account of its property of clearing away the green colour due 
to f(*rrous silic^ate in the glass. This it effects by oxidising the 
ferrous silicate to the slightly yellow ferric salt, and by yielding 
a violet manganic silicate complementary in colour «to gn.*en 
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ferrous silicate?; thus it possesses a double function. Man^anf*!^;^ 
(li(txi(le for j^lass makers’ use should obviously be free from iron. 
Titanic acid also effects chromatic neutralisation. Nickel o.xidc 
and cobalt oxide are otiier reai;<.’nts of the s/ime class. Zinc oxide 
removes the tint dm; to sodium sulphide by double (((.‘composi- 
tion with tliat body. .\u:f?nts of the scc’ond or oxidising class 
are arson ions oxide (white arsenic)— which oxidises ferrous oxide, 
being itself reduced to metallic arsenic which volatilises — nitre 
and manganese dioxide, as indicated above. 

The raw materials of whatever class are tlioroughly ground, 
sifted, and mixed in proportions consonant with the character 
of the glass to be made. These proportions must l.)e modified so 
as to allow for the l(jss of alkali which occurs by volatilisation, 
and the amount which is likely to he removed (jlass-gall {i.e,, 
excess of sodium saljis, chiefly sulpliate, floating on the surface of 
the fus(?d glass) ; total deficit ranges from 10 to 20 per cent. 

Fusion of the Eaw Materials to Glass.— Tin? older and 
still common nuitliod of fusing glass consists in heating it in 
pots of refractory clay set in a furnace finid by ext('rnal grates — 
so tliat only (lame and gaseous pnxhicts of coml)Ustioii may come 
in contact with the pots — or with gaseous fuel us('d in a regener- 
ative furnace. According to more recent practice, the glass is 
melted in on(? large vessel or tank (instead of in scjveral pots), the 
tank being set in a reg(?nerative furnaci? very similar in construc- 
tion to a steel furnact?, W’^itli regard to the details of melting 
th(! following may b(‘ said : — 

A ghiss-pot is oireuhir, i’es<'mbling a large tlow(?r pot, but, of 
course, without the hole at the bottom. It is from 3 to o feet in 
diameter, and of similar lieight. It is built up from fireclay, the 
best for the purpose being from Stourbridge, mixed witii about 
oiie-fiftli of its weight of old pots ground to powder. The ground 
pot is for the purpose of preventing shrinkage cracks when the 
new pot is tired, and its proportion varies witli tin; (piality of 
the plastic clay; thus Stourbridge clay with some 40 per cent, of 
sand, being but little plastic and not greatly lialfie to shrinkage, 
needs a smaller proportion of ground pot than a plastic clay 
richer in clayey substances, and correspondingly poorer in 
sand. The pots require very slow drying (in rooms warmt-d 
to about 23’’ C. 77” F. for three to twelve months), and 
very gradual baking (lasting from throe to seven days). In 
order both to protect the pot, and to avoid contaminming 
the charge with matter from the pot, a glaze is applied by 
melting a charge of cullet (broken glass) in the pot,, a crust 
of glass being thus caused to adhere to the walls. The life 
of a glass-pot (during which it must not be allowed to cool) 
varies from a few weeks to q early a year, according to 
the (juaJity of its material and its conditions of use. A 
furnace of the older type without gaseous tiring is shown in 
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Fk. 31. The furnace itself. A, is a circular brickwork chain\)er 
with side openings which carry the Ihinie ' and products of 
combustion through the flues, B, into the hood, C. The pots, 
1>, are placed round the chamber, A, opposite openings in 
between the flue 0 }>onings. The firegrate, E, is situated 
below the Turnace chajiiber, and tlie fiaines and hot gases 
are carried u}) the short flue, F, so that they may strike 
upon and ho reflected from the domed roof of the chamber. 
The reason for covering in tbe space where the pots are 
heated is to j)revent the soot and flue dust from falling l>:ick 
into the pots. In more modern practice the grate is charged 



Fig. ‘fl.— tilasB furnfic<! (old type). 

A, Furnace chamber; B, fluc.s ; (J, hood; 1 ), pots; E, firograto; 

F', sh(irt tluo. 

from below, so that the products of each feeding of fuel may 
pass through the mass of heated fuM above it, and smoke he 
thus»minimised. The furnace is fed with small coal, the depth 
of fuel is considerable, and there are air inlets lx>th above and 
below the fuel, so that the grate becomes in effect a producer, 
ina the firing is comparable with that of a furnace fed with 
producer gas. (Many pot furnaces are now fired by producer 
gas and worked in connection with regenerators.) Mechanical 
stoking is advantageous in that it avoid.s admission of a largo 
volume of cold air, such as occurs every time hand fired 
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furnace is stoked; the re;»ularity of heating thus obtained is 
favourable to the life of the glass-pots, and to the quality of 
the glass. 

In order to avoid the expense involved in the use of numerous 
glass-pots, difficult to build and short of life, and also to facilitate 
continuous working, the Siemens tank furnace is now largely 
adopted. It is shown in Fig. 32. 

In the figure, A is the fireclay tank kept cool as to its walls 
by the circulation of air through the channels, B, B, B, B. 
The regenerators, Cc and C c, are worked in pairs as usual 
(see Vol. 1.), the producer gas being applied to them through 



Kig. 32. — Siemens tank furnace. 

A, Tank; B, B, air channels; Cc, Cc, regenerators; D, D, gas channels; 
d, d, air channels to the regenerators ; E e, K e, hot gas cliannols. 


the channels, D, D, and ,the air through the channels, d, d. 
The entrance of the heated gases to the furnace takes place 
through the channels, E e, E e. The charge is introcfliced 
through the working door at one end of the furnace, and tiie 
finished glass is withdrawn at the other end, where ,the 
working platform is situated. To avoid tli^ necessity of 
skimming the whole of the surface of the fused charge, a fire- 
clay ring floats on the glass at the door where the molten 
“metar* is withdrawn; the function of this ring is to pre- 
oerve a clean surface of glass within it, the glass-gall being 
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f)re vented from entering, while the glass itself flows gnidmilly 
up into the area enclosed by the ring as the uj»per layi'r is 
ladled out. The same purpose of fia'eing the glass from floating 
impurities, and rendering it homogeneous, is served by trans- 
verse divisions of the glass tank }>rovided with openings at their 
lower edges, so that the glass first fused at the far eml ol the 
furnace, where it is hottest, is forced to )*ass below om' or more 
septa, and thus is skimmed and mixed, arriving at tin* cooler 
end uniform in texture and free from glass-gall. 'J'he tank can 
also be divided longitudinally, and sevm-al kimlsof glass worked 
simultaneously in the same furnace. 

Those somewhat elaborate precautions for ensuring mixing 
are necessary with a material liki‘ glass, which altboiigb it 
fustvs at a moib'rate nsl Inoit ycd is ext remedy viscous e\ (>n at 

the temj)(*ratur<M)f a stead furnaci' (say , 1,.)(M> ('. ‘J.T.'kJ h\). 

In tlie case of the older pot furnace, wlien the ]K>fs arc* in 
work th'‘y arc* cjuickly cliargcai with alternate layers of eulh't 
and tlici mixtures of rav, materials (“ilic batcdi”). 'I'hc <|uaniity 
of the charge is restrictc'd, so as to ju’c'vcuit tbc! scuni-fused mass, 
vesiculate 1 witli SO._, or ('()„, from frothing ovmx .\s iho 
mixture me lts, a further portion of the charge is adch-d. W Ikmi 
fusion is eompletc*, decolorising and oxidising agents are addei I (p. 
Itidy- a scum of ghass-gall eollc'cts on the, surface*, and is Hkiiiiim-d 
from time to times Alt.c'rthis “ redining,” Ihe^ medt is .sampled, 
wheui it should be; found of good colour, frea* from lumjts of 
unatt<acke‘d silica, bubble's and stria*. In .some* twi'iity four 
hours the glass is ready to be worked, and is ladled out. 

Hccently, an attempt has be*e*n made* to im[)rove* gla.'^s alte'r 
the fusion of its raw mate*rials, by passing a sireann of oxygen 
into it wliile in tlie furnace, with the; doubles ohje'ct of meeliaiii«;al 
agitation and oxidation of re^sidual impurities; a dilfn'idly in 
etl'eeting this luis arisen fiom tlie ease; with which loading tuheea 
of most practicable mah;iials are; attacke'd by the fused giuss ; 
platinum cannot be usc'd, as it. lacks rigidity at tlie; te'm|ie;rature 
of the glass furnace. 

The electri(,;al me.'lting of glass lia.s lat(;ly rece*ived attention. 
In most of the; processe's proposed, which differ considerably 
in detail, the mixed materials are first fused by the action 
of an electric arc, the; fuse'd mass then flowing into a tank, 
where it is lieated more* strongly b^ means of a second current, 
anfi its mixture thus completed, 'I’he mass flows into a second 
tank, from which it is removed as required for working. 

All J:he earlier methods of working glass depend on the use; of 
tfie glassblower’s pipe. Thus, in making hollow ware (blown 
bottles and flasks), a mass of “inetaT’ (glass in a plastic state) is 
picked on the end of an ir^on tube anei blown into an elongated 
bulb, the shape of which may be medified by niani})iilation, or 
by the aid of a mould. For crown glass, a bulb is blown, opened 
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into a goblet shape, and extended to a sheet by rapid rotation. 
For sheet glass, a bulb is blown, rolled to a cylindrical form, cut 
longitudinally, and extended to a Hat sheet on a clay plate. By 
more modern processes, in which the glass can be worked in 
large masses atahigli temperature, common articles — e.g., rough 
tumblers and salt cellars — can be pressed, the opefation con- 
sisting in dropping plastic glass into metal moulds, and applyin^^ 
mechanical pressure. Facility in handling large quantities of 
fully-molten glass has allowed of the manufacture of plate glass 
by casting the fused glass on to a table, constructed of thick 
cast-iron ))lates arranged to form a horizontal bed, and passing 
a roller over it. A tabh; thus constructed in s(‘gments is pre- 
ferable to one made of a singh; plate, because, such local arching 
as may arise from irr(‘gular expansion is distributed, and is at 
no point so great as would b(; the case with a singh'. large ])late; 
consequently, Ic.ss waste is encountered in grinding the plate glass 
to a plane surface. .Plate glass is ground flat and polished by 
fixing the plate on a bed of ]>laster of Paris and grinding it by 
means of cast-iron plates carried on arms which revolve on a 
central axis. Tlu' first grinding is eilecled by snnd and water, 
and th(‘ final surface obtaimal by emery, rouge, itc. 

Annealing and Hardening” Glass.— All glass, if allowed 
to cool from the plastic state by direct exposure to the ordinary 
temperature, i.s liable to develo}> internal strains due to irr<*gular 
solidification and consequent contraction. The strains may be .so 
severe as to hsad to spontaneous fracture. In consequenci; of 
this peculiarity, glass articles, from bottles to plate glass, are 
annealed in special ovens, either by passage on travelling bands 
through a long flue of gradually diminishing tiunperatiire, or by 
exposure wliilc stationary to a temperature, sliort of fusion, 
which is lowered by degrees. When the cooling of a glass 
article is rapid, but uniform over the surface, the article is 
“toughened” and posse.ssos greater mechanical strength than 
does annealed glass. Such toughened glass is prepared by 
plunging the red-hot goods into an oil-bath, the temperature of 
which varies from 70'" to 350° C. = 158° to G62° F. Altliough 
resisting shocks sufficient to break common glass, material pre- 
pared in this manner is in a condition of internal strain ; when 
fracture actually occurs at one spot it determines the disintegra- 
tion of the whole mass with almost explosive violence. An 
application of the same principle of rapid uniform coolinjf is 
found in Siemens toughened glass for* street pavement lights, 
and similar purposes, which is made by casting glass into pioulds 
of the same conductivity and heat capacity as the glass itself, 
reheating to the softening point of the glass, and allowing the 
glass and the mould to cool rapidly^ together. 

Devitrification of Glass. — The object of ordinary glass 
annealing is to obtain the material free from internal strains, 
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l^ut the heating needed to allow of the self-adjustnn'nt of s\ich 
pre-existing strains must not he so prolonged as to iteriuit that, 
complete re-arrangement of the molecules of the matei i:il--~vi/,., 
their orientation into tlm form of crystals-- which indicates a 
state of equilibrium naturally ac(|uired. The production of such 
crystals causes the glass to become 0 ])aque and |)orc(‘lain-like, 

whence the name of Reaumur’s porcelain for devitrifitul glass the 

substance having been })re])arcd as a .substitute for true porci lain. 
The change is purely physical, no chemical alteration (such as 
loss of alkali) being obsm'vcd ; the glass can bo ri'stored to its 
vitreous condition by refiision. 

The inlliienceof rate of cooling on natural mixtures ot 8ilicale.8 
conipara])le with glass, is similar to that on glass it.s(*lf. Thus, 
the slowly-cooled rocks, lik«5 giauito, contain large crystallim' 
individuals; more recent (‘ruplive rocks, such as lava, arij micro- 
crystalline, while silicates of the ohsidiau oriicr, which have been 
very quickly cooled, closely resioubh* glass in structure. (Iriinu- 
lated blast-furnace slag ( Vol. 1.) is another instance. 

Typical Composition of Alkali-Limo Glass.- As already 
staled, both soda glass and potash glass (and 'dass<‘H containing 
both alkalies) are in.ide. 'riiore dot's not aj»p(*ar lo be any gn at 
dillerenee in tlie prtqxTlies — c.y., fusibility - of potash and soda 
glass,* though ghisscs containing mixtures of the two alkalies in 
eqiuA'alent pn'[)<>( ttons are. more fusible than those with either 
alone. 

The following are examples of ordinary glasses of tln^ soda- 
lime class : — 



S<..]a(;i;iss. 

e'< niiliiiHt ion Tiilic, 

Soda e;!.\v,. 


Uirh ill .Silica. 

|■.ollt■miull eila.^s. ' 

Poor in Silica. 


]Vr cent. 

Pel- cent. I 

per cent. 

Si(b, . 

77 0 

7.'M 

Gs-(i 

Na.i), . 

IT) ,') 

:i-i ' 

17-7 

K.O, . 


1 1 fi 


(’aO, . 


JUl ! 

6’7 

MgO, . 


()•:; i 


ALO- 4- IV.O-i, 


0-4 

4 0 

Miio', . 


Oo 

1 



Lead Glass.— This is a potash-fead glass, nearly free from 
for^en constituents, and approximates to a formula ranging 
from'’K,20.Pb0.5SiOj, to ‘SKgO.TPbO.SGSiOy Its freedom from 
iron caiises it to be colourless ; it exhibits no green tint such as 
is •characteristic of soda-lime glass. It ha.s a considerable; lustre, 
due to its higR refractive index, which increases with the; con- 

*The refractory character of the “pottiah” glass, used for combustion 
tubing in the laboratory, appeears to be due rather to its high content of 
silica than to the nature of the alkali 
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tent of lead. Its comparative softness tits it for the manufacture 
of ornamental cut glass, which is fashioned by pressure against 
a wheel fed with emery, putty j)Owder, (fee. It melts at a lower 
temperature than soda-lime glass and is less easily devitrified. 
A typical mixture for producing lead glass is 300 parts of sand, 
100 of potassium carbonate, 150 of red lead, and 50 hf litliarge. 

Tlie ease with which the lead may be 
reduced (communicating a black stain 
to the glass) necessitates the use of a 
covered pot (Fig. 33). Lead glass 
is often termed flint glass, the name 
being especially applied to such as is 
prepared for optical purposes. I'he 
grades of lead gla.ss richer in lead con- 
tain from 40 to 50 per cent, of lead 
oxide and are termed strass. Stra.ss 
is used for the manufacture of imita- 
tion preciou.s stones on account of its 
Fig. for lead glass. Idgh refractive index. “Taste” bril- 

liants are made of lead glass containing 
boric acid, and a[)proach the diamond in lustre. The sottness of 
glass rich in lead affords an easy means of distinguishing false 
gems made of this material. 

Coloured and Opal Glass. — Coloured glass is produced by 
the addition of the oxides of heavy metals to ordinary glass 
mixtures, eacli metal communicating a colour depending on 
its nature and condition of oxidation. The decoration and 
colouring of porcelain an^ effected by the use of silicate mix- 
tures similar to coloured glasses. Some of the more important 
coloured glasses are described below. 

Red glass.— Ruby- red glass is produced by adding about 1 per 
cent, of cupric oxide and 1 per cent, forge-scale (magnetic oxide of 
iron) to the glass (preferably a lead glass) to be coloured. The 
magnetic oxide acts us a reducing agent and causes the formation 
of cuprous oxide, or, in the event of a more powerful reducing 
agent having been used (e.y., iron filings, tinfoil, ikc.), of metallic 
copper. The red oxide or metal is soluble in the glass at the 
melting point of the latter, so that on withdrawal from the furnace 
the glass is colourless or slightly tinted with cupric silicates (v.i). 
Separation of the dissolved Copper does not take place when the 
lass is rapidly cooled, but when the period of cooling is prolonged 
y placing the glass in a furnace kept at the point of incipient 
fusion, separation of an opaque layer of deep red coloui; takes 
place. Aventurin is a glass of this description containing 3 p?r 
cent, and upwards of copper. On account of the opacity of ruby- 
red glass made in this manner, it i^ chiefly used for “flashing” 
colourless^glass — that is, applying a layer of the coloured to the 
colourless material. As a rule, the coloured glass is first taken 
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»n to the blower’s pipe and is then dipped into the colourless 
nixture ; the glasses must obviously be of similar comjiosition, 

;o that they may weld well and their dilatation by heat l»e 
dentical. 

Ruby gljSS is also made with gold as a colouring const it u('nt, 
he phenomena of dissolution and slow separation ot the metal 
Deing similar to those observed in tlio case of copper. The gold 
s applied by wetting the sand (in the glass raw materials) with 
i solution of gold chloride, drying and mixing with the rest ot 
:he ingredients. The quantity of gold re(|uisite to products tlie 
jolour is very small, about 1 part in 10,000 sutlicing. Other 
iK'tals that are capable^ of di.ss(dving in and separating irom 
jdass, are silver and lead, silver giving a yellow colour (v.i.), 
ind lead a grey stain on cooling. A bluer shade ot red t han 
3 ith(‘r of tin; foregoing is obtained by means ot mangam se, 
ibout 2 ])cr cent, of Mnt)., and 4 pc^r cent, of nitre In'ing added, 
the latte*' reagent prev'enting reduction ot the manganese. 

Yellow glass is manufactured by the u.se of ferric oxi(h , leail 
intimonite (yielding a turbid glas.s), metallic silver and alkali 
mljdiides, the latter being made in situ by adding sulphur to 
the charge, if it contain alkali carbonate or ch.arcoal, if it h(^ 
prepared with alkali sulphate. (Tranium glass, made by adding 
•2 to 3 p('r cent, of an alkali uranate, has a green yellow eohmi- 
'ind is tluorescciit. Sedeniurn glass, now made liy ad<ling a 
seh-nite or sehuiate and a reducing agent to glass, has an orange 
or reddish cedour. An orange colour can also he produced l»y 
the use of a mixture of ferric oxid<‘ and mangaiies*; dioxide, t In^ 
y(*llow-brown caused l)y the b^rric oxide and the red of tlio 
manganese l)eiug its components. 

Green glass, of somewhat dull and impure* tint, is yiehhid hy 
ferrous oxide; yellow-green shadi^s ar<^ obtaiiu'd wlnui ferric 
oxide is also pix'sent. Ihitter greens are obtained from ainixlure 
of cupric oxide and ferric oxide. Chromium oxid(*, f/i’, also 
gives a green with a yellow tone, and when used in eonsiderahle 
proportion renders th(! glass o])a(jue ; tlie product la*ing known 
as chrome aventurin. 

A mixture of CuO and Or./)^ gives an emerald green used for 
artificial gems. 

Blue Glass. — The chief colouring rpatter for blue glass is cobalt, 
about 01 per cent, of cobalt oxide; sufficing. Cobalt glass is 
prr^iared in large quantities as a pigment (smalt) (see Vol. 11., 
Cliap. XV.). Pale blue glasses may be made with a small pro- 
pgrtio« of cupric oxide and by the partial oxidation of iron green 

Violet glass is made by employing manganese dioxide in con- 
siderable quantity, the colour being apparently due to manganic 
silicate, manganous silicate being colourless. • 

Black glass is actually glass containing any strongly colouring 
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oxide, such as that of iron, cobalt, or rnan^^ancse, and so dark- 
colourod as to a)){)ear black. Nickel in the reduced state in 
^da.ss renders it grey. For the manufacture of very dark glass 
iridium oxide is used. 

Opal Glass. — The general method of ])reparing opal glass bv 
wliich term is meant glass of semi-transparent milky appearance 
-—consists in adding to the glass mixture one of several mau-rials, 
tliemsclves white and opaque, which do not completely tiissolve 
in the glass mixture. Tlie oldest form of milk or enamel glass 
is that (usually made with lead glass) containing stannic oxide. 
More recently cryolite, fluor sjiar and calcium phosphate have 
b(‘cn used. Translucent, as di.stinct from transparent, glass can 
also be made by rendering the surface of ordinary glass matt, 
either by grinding— c.y., with the sand blast— or by etching 
with gaseous hydrofluoric acid, or by dipping in the same acid 
Cftntaining an alkali fluoride. Dilute hydrofluoric acid alone 
etches glass, but loaves it transparent. The (‘ffect of fluoride 
in giving a matt surface is due to the formation of an alkali 
silicofluorido which is deposited in fine crystals on the glass. 
Coloured designs are produced by etching or grinding Hashed 
ghiss.^ 

Painting on glass is executed by applying the metallic oxide 
capable of yielding the retpiired colour, mixed with strass, to the 
surface to be decorated, and firing in a muffle at a temperature 
sufficient to fuse the easily-melted strass and not the body of the 
article. 

Colouring porcelain is a similar process, the colours being 
mixed with fusible glazes and applied above or below the glaze 
proper (see Porcelain^ Vol. II,, p. IGl), 

Besides the compounds u.scd to produce coloured glasses, 
pigments for porcelain include iridium oxide, platinum and 
uranium oxide for blacks, stannic chromate for pink, barium 
chromate and lead chromate for opaque yellows. Gilding is 
practised by applying precipitated gold, burning on and 
burnishing. 

Special kinds of Glass.— Borate glasses containing B^g, 
partly replacing SiO^, are made for optical purposes. is a 

similar substitute for SiO.^; BaO and ZnO may replace CaO, and 
TloO may be used instead of alkali. The chief merit of glasses 
of this description consists in the high refractive indices which 
they possess. Glasses designed to av 9 id the alteration of ^he 
zero point of thermometers made from them are characterised 
by containing ZnO and B 2 O 3 . Thus the following is a typical 
glass of this kind — SiO.^, 52 per cent.; KgO, 9 pep cent.; ZnO, 
30 per cent. ; B^Og, 9 per cent. 

It has lately been found possible to make small vessels of 
fused silica. The silica is fused for this purpose in an oxy- 
hydrogen flame, after it has been previously heated to about 
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^,000® C. and then qin^nched in water, this treatment is'inovim^^ 
the objectionable })ri){ierLy wliielj crystalline siliea possesses of 
splintering when pul into a llame. Vessels of fused silica arc 
exceedingly resistant to the action of water and acids. l)ul are 
readily attacked In' alkalis. !>cing free fi-om internal strains 
and havin)^ a small coellieient of expansion (hey can be A iohmtlv 
lu'ated and cooled witliout fracture. Fused silica is also prc- 
{)Mred in the ('leclric furnace, ami 1>y tliis iiknuis it is proliahle 
that V(!ssels of a consid(^rahle siz<‘ may be made. 

Proportios of Glass. — Tlie specific gravity varies tVom il l to 
‘2'G for alkali lime glass and to .‘kS for lead glass, '1'ha.llium 
glass is the lieavi(‘si known, having a specific gravity of 5 ti. 
'I'lu* index of refraction of glass dt'crctiscs as it.s conUmt of silica 
increases, and in general inert'asc's with inonaising contmit of 
till' lead oxide or otljcr oxide capable of replacing lead oxiile. 
Although all ordinary glass(‘s a])p(‘ar to be unairi'ctiui hy water, 
acids (excej)t HF), and alkali.s, when n*garded from the stand- 
point of tiaily domestic use, yc‘t they are slightly hut distim tly 
attjicked hv most solutions, and display considerable instability 
and solubility in the lalioratory. In general, glasses witli ti 
high content of silica are less easily attackeil tlian tliose con- 
taining a considerable proportion of alkali — this being in 
accordance witli the fact that acid silicates are commonly morci 
refractory than those of more basic character. In laboratory 
]»ractice it has been found that glass vessels are rendered more 
resistant to the attack of reagents by exposure to steam for a 
short time. 
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CHAPTER VIIL 

SUGAR AND STARCH. 

SUGAR. — The term sugar is used in two senses. In every-rlay 
lif(' it means, when employed without epithet, sucrose or 
“cane sugar”; by the chemist it is used generically for a certain 
class of carbohydrates. Adopting for the moment the more 
exi('nde(l signilicance, the following sugars may be cited as of 
technical importance : — 

(A.) Hucroses of the general formula (Jj.Jl.,.,Ojp 

( 1 ) Sucrose or cane sugar. 

(2) Lactose or milk sugar. 

(3) Maltose. 

(B.) Glucoses of the general formula 

( 1 ) Dextrose or grape sugar. 

(2) faevulose or fruit sugar.* 

These two groups are related, in that the meml)ers of the first, 
on hydrolysis, become conv(!rted into those of the second, thus — 

C, ,11,., 0,1 1 ILO -- (;«I1„08 -I- CoHi.Pe- 

Of these two members of the second group, one is always dex- 
trose, while the other varies with the sucrose from which it has 
been obtained — e.^., cane sugar on hydrolysis yields dextrose 
and hevulose, lactose give.s dextrose and galactose, and maltose 
lorms dc'xtroso. 

(A.) SUCROSES. — 1. Sucrose or Cane Sugar, 

— This substance — “sugar” in ordinary phraseology — is techni- 
cally the most important member of the sugar group. Although 
many other carbohydrates are sweet, the intensity of their 
llavour falls short of that of sucrose.f This fact has naturally 
led to the cultivation of plants producing sucrose rather than 
other sugars, in all cases where the product is required as a 
sweet food. The name “cane sugar” has become usual on 
account of the fact that, un^il about a hundred years ago, sugar 
was {irepared almost exclusively from the sugar cane {SaccJinni(7n 

* 'fho iiomonclaturo of the sugars is in a slate flux, and consequently 
the older and more familiar names have boon adopted here. Inmiodern 
phraseology, however, the sucroses are usually termed disaccharidos *or 
jaccharobioses, whilst the glucoses are called monosacchaAdes or monoses. 
Sucrose itself is knoMui as saccharose, dextrose as d-, or dextro-glucose 
^because its solution rotates a ray of fiblarised light to the right), and 
ia!vulose a^d-fructoso (since genetically it is related to d-glucose, although 
it-is lajvo-rotary ). t Lajvulose is a possible exception. 
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ofHt'hwrum). At the prosont time the term has lost its appro- 
priateness, as mort* tliat lialf the workl's produetion of sii^ar is 
now obtained from tin* beet [Heta vnhjaris). Tlie su^ai‘ fnoii 
these sources, when perfectly relinetl, is identical in all resp('cts, 
thouf;h characteristic impurities dilferentiate the raw smears and 
the lower j^fades of relin^al products (r.t.). 

Cano Sugar. — The sugar cane is grown in tropical and suLv 
tropical coumri(\s, the cliief sources of .supply being the \\ «'.st 
liuiies, Brazil, Argentina, Mauritius, Java, the Phiii|>pioes. Sand- 
wich Islands, and Queensland. Tlie cane grows to a Indglil. of S 
to llO feet, the stems being 1.J to 2^ inches in diameter. When 
ripe it contains al»out ‘jU per (aua. of its weight of juie(‘, th»‘ 
juice its(df containing 12 to 20 pt-r cent, of siig.ir. Tin' following 
analysis will serve as an example ofajuict' of good <juality:^~ 


(’ry.stallisabf* sugar. . 
l-iu:iy,sla!!isal*l(‘ sugar, 

Ash," . . . 

Milter, 

OrgHiiic lualtcr otijer thiOi sugar, . 


ItCfM })i‘r eetif. 

u :to ,, 
0 - 2 .’) 

7ttlt 

o-.'t: 


After ('utting, th(' eanes are workcul up hu' sugai’ as (piiekly 
as possible, for delay me.uns lo.ss of .sugar by decomposition. I n 
the oldi'i- methods o" workitig, which are still kirgoly usisl, the 
cane is crushed between r<»lh‘rs, juid the juici^ colli'cted ; the 
residue, (orined btlgilRSe, is used as find; w.aste is l»ji us (X'easioned, 
.as this reNidue generally retains a notable amount ( f (o 1) jx.r 
cent.) of stigar. d’he juice, aftei- llllnilion, is (re.ated with lime 
(O-l.'") p('r rent.) to mtulialise juiy aridity wliich m.ay have dc- 
velopf'd,* and is also usu.illy trisited witli S( these additions 
serving to liinder lerne niation .and (‘onseijuent. loss of sugar. 
Jt is then iieati'd to 170' to 180" F. - 77" to 82' (j., whereby 
co.Mgulat ion of the imjmrities takes pl.-ice, part .appearing as 
seuin, w bicb is skimmed oil, and part depositing in the heatino 
vessel. 

Concentration. - The clarilteii juieo is (hen run into evajiorafing 
pans sr-t in series over the flue of a furna.ee. Kvajioration is con- 
ducted systematically, the weak jiiiee, entering tin*, pan furtln st 
from the tire, and being ladle<l from to pan until it reae.hes 
that n(\'na‘st the lire, by which tiim^ it lens arrived at its point of 
cryst^^^i^arion. The .size of the pans is graduated (the smallest 
being at the fire end of the nue), .so that their cajiacity is appro- 
priate to ‘he volume ot lapiiil to he evaporated. The sugar 
having hei'n brought to thi.s point of concentration i.s .sejiarated 
>com the por: ion e.f the Juice which still remains iiipiid, either 
by drain;. ge in perforated cask;?^ or by means of a cimtrifugal 
machine or hydro-extracror, such as is .sliown in Fig. 'M. • 

* Any excess of lime combines with the sugar to form a “saccharwte." 

12 
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'rh(i former method of separation lakes weeks to accomplish. 
Tlie juice thus sepuratiaJ is either evaporated again and a second 
crop of crystallised sugar obtained, or it is fermented for the 
preparation of rum. A good deal of juice of this character con- 
taining sugar, which is uncrystal lisable from the simultaneous 
presence of various impurities, is used for food under the name 
of treaoh or molasses. The nature of this product may bo 
gathered from the following analysis : — 


Water 

26 '87 per cent. 

iSucroao, 

41-91 

Invert sugar,* 

25 -.'^O 

Ash 

3-75 „ 

Organic matter (other than .sugar), 

2-97 „ 


100-00 „ 


It is evident that several improvements in the economy ot the 
process described above are possible. The following have been 



adopted:— (1) Tlic cost of evaporation has been diminished hy 
the use of vacuum pans (see j). 186), and by adopting evapo- 
rators of the Wetzel type, in which a revolving frame- work 
of steam-pipes dips into a trough of the juice to be evaporated 
and becomes covered w^th a him of liquid; this is evapo- 
rated to dryness as the frame -work performs that pyt of 
its revolution which takes place in air (see Concentration of 
glycerin, Vol. II., Chap. XL). (2) Centrifugal separators are 
used instead of the method of draining in perforated casks 
described above, and thus a considerable saving of tiiiie is 
effected. (3) A more radical alteration consists in substituting 
a process of diffusion for that o^ crushing, for winning the juice 

t 

•The name given to the mixture of dextrose and Itevulose obtained by 
« inverting ” sucrose (p. 203). 
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from the cane. T}iis proec.ss is similar to that in general nse tor 
the extraction of beet sui^cir and gives an output which is 

stated to be about 15 }»er eont. higlier (n'ckuned on tin* t()tal 
sugar in the cam') tlian tliat obtaim'd by the older method of 
erusliing bet^vec n rolls, 'I'he stouter cell walls of the cam^ pre- 
vent this pna-ess being as etlet'tive as it is for beet. 

1'lu' quality of raw cane .sugar varit's largely on account of the 
dilferent methods of extractioti, clarification and evaporation 
adopted, but a typical samph' will contain about 89 })«‘r cent, 
ot' sucrose, 4 }H'r cent, of glucose, -1 p('r eamt, of moistun', 1*5 jx'r 
cent, of ash, the balance being various organic impurities. 'J'lie 
method of rt'lining is de.scrilM'd below, afti'i* the ('xtraction of 
sugar from sources other than the sugar-cane has been dc'alt 
with. 

Beet Sugar.-— d'li(‘ jdantused is a variety of the common beet, 
improved by careful cultivation. Tin? cells in the parenchyma of 
the beet an* narrow close tubes, liaviug the usual layer of proto- 
plasm adhering to the cell-wall, and containing tho cel!-sa}> whirh 
is jiresent in such abundance that it constitutes about 9(3 }icr 
ci'iit. of th<! weight of the root. The sap coji tains 20 per cent, 
of solid matti'r in solution, the chief constituent of tliis being 
sucrose, together with a little raffiliose, Minor 

substances ])resent are allmmiiious and colouring matti'rs, 
asparagine, bodies belonging to the xanthine group, l>c(aine, 
Cl l.,l N^(0H3).,](J0.,Cli.j — which colb'cts in the residues from the 
sugar and is used as a sourca; of trymethylamine — glutamim', pec- 
tinous substances, coniferine — which yields vanillin during the 
treatment of the licet juice — and various organic acids (f artiiric, 
malic, itc.), as well as the usual mineral consiitucnts of |)laii(s. 

Extraction. — In manufacturing sugar irom beet, the roots are 
freed from dirt, rasjied, and (In^ resulting pulp placed in woolhui 
bags, and the juice .stjueezed out by an hydraulic pres.s, the yi('ld 
being about 77 per cent, of juice as C"m|»ared with id) per cent., 
the amount, contained in the roots. On account, of Uu* co.st of 
cartage, t he beets grown in outlying lields are trequently crusbcil 
bctwctin rollers on t.lic spot, tnid the juice, aftcu* treatmeiii with 
about 1 per cent, of lim<‘, is conveyial by pipe-lines to the ecjitral 
factory where it is worked n]». Tliis iiK'tbod of extract ion is in use 
in France, but in ( lermany lias been abmSst entirely displaced by 
the ditfusion process. In this jiroccss the beet is sliredded into 
small tlflii strips so as to exposi* an ample surface' to tlu^ watt'r 
with winch it i.s subsequently extraeti'd ; tliese strips or COSettes 
(which are«fdjout J inch in breailtli and ineli in thickness) 
are brought into contact witli water, and tiie sugar in the licat- 
saj) ditl'uses out through tlic cell walls while colloid substances 
remain in tlie celbs. thus, at a sijigle operation, a juice ob- 
tained wliich is less impure than tliat procured by any process 
of expression in which the cell walls are crushed and broken. 
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It, might be thought that the diHusioM ])rocess would yield a 
bulky diffusate, tlic evaporation of which for the recovery of the 
sugar would be a costly operation ; but this is not the case, as 
the dili’usion is carried on systematically, and thus the quantity 
of water needed is reduced to a reasonable limit. Several forms 
of apparatus for systematic extraction are used in the difiusion 
process, typical (jxamjdes of which will be d(*scribed. A common 
form of diffus(ir consists of a “battt;ry” of cells connected to- 
gether so that water can be caused to travel from one to the 
other through the seri(^s. The sliced beet is tilled into the cells 
and the water circulated, traversing in its passage; between each 
pair of c(;lls a tubular heater, in which it is warmed to a tempera- 
ture ranging from 20’ to 90“ 0. = 08“ to 194°F. It is usual to 
graduate the temperature in tin; heaters between the C(;lls, it 
being raised by degrees from the lower to the upper limit quoted 
above in passing through the series of cells, A high tempej’atuia; 
favours the rapidity of dilfusion, but impairs the quality of the 
juice to some extent. When the ap))aratus is in regular opera- 
tion, the fresh water comes into contact with nearly exhausted 
beet, while the nearly saturated water is used to e.\ tract fresh 
beet with its full complement of sugar. Of the whole seric'S of 
(.,qis — commonly 10 to 12 in number — one, containing tlie ex- 
tracted beet, is being emptied, while anotlum is being tilled 
with fresh bet't, and the remainder present a regular gradation 
of extraction. The quantity of wat(;r above that contained in 
the sap of the beet itself is thus kept comparatively small, and 
nevcrtlieless repeated treatment with wash watim of decreasing 
content of soluble matter is secured. The cells are generally 
arranged in a circle for convenience of working, and a radial 
spout delivers the sliced be(‘t from a central hopper into any 
desired cell. 

A second form of difluser may be mentioned as it is an obvious 
extension of the idea umlerlying the apparatus described above. 
It consists of two co-axial cylinders with a screw-shaped guide 
in tin; annular space between them. The inner cylinder rotates 
and forc('s the slic(Ml be(‘t along th(‘ screw in the annular space, 
causing it to meet a curnmt of water into wdiich the juice 
dilfuses. The fresh wjiter nu'cts the exhnusted beet, and the 
water rich in sugar (and thus largely d(;prived of its extractive 
power) makes its exit from the end at wdiich the fresh beet 
enters, both systematic exi faction and continuous w'orkiifg being 
secured. The temperaturt' of the liquid can be n;gulated b^ 
the use of steam coils. ' t 

Whichever j)roct‘ss of dillusion is used, a good degree of ex- 
haustion is obtained, tin; spent beet containing little or no sugar, 
but s;uhicient nutriin(;nt to make it available, as fodder. 
of course, very wet, about 92 ]>(*r cent, of its weight consisting 
of water, and is generally pressed and, prelerably, dried before 
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it is utilised ;is loud. Its nutritive value is iiulieated bv the 
i'ollovviiig analysis of the dry material : — 


Water, .... 

/i'.'U ]>er cent. 

Alhuinin, ...... 

7:m 

I’roteicls (as di.stiuct fraiu allmmin), . 


Fat, 

O-ilO 

Starcli, ....... 

5(1 (i'J 

Aon iiitrcgeuuus (!.\tiiuiiv»' matter, 

«■(».> ,, 

(.'riiiie lihie, ...... 

‘JUiiT ,, 

True ;iah, . . ... 

."•■lu 

.Sami, 

n :u ,, 


1(M)-0U ,, 


Tli(' enido juice is hiirly free from sus})eiid«“<l matter, but is 
nex ei'lheless strniiied 1 li rough si(‘\ es betor<‘ d(‘l’eeati(in. As. in I In*, 
ease of Juie<' from the sugar i.'am*, it is necessary to ))urify lieet 
juice befor(! eouc(Uit I'ulitm by treatment with lime, whi(‘h neutra- 
lises any acid substanc(!s which might invert (p. 203) the sm-rose 
in th(! juici'. JiiiJiodern j)ractic(*, enough linui- \ iz., about 3 ))er 
cent, of the w-eight of the beets iVom which the juica* has lieen 
obtaine(l---lo conv(‘rl the w hole of t he*, sucrose into cah*ium mono- 
saccharate {CY^[l..„t.>^iCat >, is add(‘<l, and the sacchai’ati' is 
decojuposed immediately it is formed by tnaatment with 
which is blown int(; the vt-ssel in which the tlefecatioii with lime 
is (hfect('d. it ajijaairs that the t:omparat iv(*ly bulky ])r(a-ipitato 
of calcium cai'bonata,* which is thus fojiiied carrii's down with it 
much of the colouring matter and various im]»urilii‘S, yielding a 
better juice than that obtained by em]»h>ying a smaller (plant it, y 
of lime, such as would sutlicc' for neutralising tin' organic acid.s 
naturally jiresent in the juice, 'riu' jiroci'ss is carried out in a 
co\er(.‘d tank heated bv close steam (to avoid dilution of the 
juice) and })rovid«‘<l with a ]>erforated deii\ery tube throuL'h 
w hich CC)„ can be blown in. Tin; order of operations consists in 
the admission of tlu! juice to be defecated, tla^ addition of lime 
either as milk of linu^ or unslak<‘d in small lumps, and heating 
and carbonating the resulting mixture. I'lxcf-ss of ( '()., must be 
avoided, as carbojiic acid is ca])able of causing a certain amount 
of invei-sion (p. 20.'ijt. 'J'he ga> is, therefore, admitted until the 
alkalinity of the juiee eon'esjjonds w ithjthe pre.sence of about U1 
per emit, ol lime. To comjdeie the defecation, the juice after filtra- 
tion fi^m the sludge (which consists chiefly of calcium carbonate) 
is re-treated witli a smaller quantity — c.iy., O o p(‘r eemt. — of lime, 
and the ciM bonation nqieated ; a lirjuid approximately mmtral is 
t- us obtained. The neutralisation of the lime by (3>., is ma-es- 
sary, inasmuch us it would ollnu’wise, on boiling, naict with the 
alhuminoiis substances conlaineJ in the crud(^ juice, and yi(;ld 
soluble decomposition pi’oducts instead of forming a preci*pitate 
and freeing the juice from impurities of the albuminous class. 
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(From Fhotv oj 30 CA^-. square Washing Filter Pten.—Makens, S. U. Johnson d Co., Lhi., Shatjord.) 
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The OOjj is usually obtained in the form of lime-kihi gases, pro- 
duced either in ordinary kilns or in those of the Dietzsch type (see 
Lime ami Cement^ Vol. 11., p. 146). The kilns are provided with 
collecting flues, through which the gas is drawn ofl‘; it is then 
scrubbed %nd freed from SO. 2 * and dust. Where the residues 
from the refining process (molasses) (v.i.) are fermented for spirit 
manufacture, another source of COj is available (see Brewing and 
Distilling^ Vol. II., p. 215), but no application of this fact appears 
to have been made on a manufacturing scale. Seeing that lime 
is needed in any case, ( ’O 2 as a bye-product is inevitable. 

The final removal of the sludge formed during the lime 
purification is efiected in filter presses of such construction 
(Fig. 35) that the sludge can he washed and adhering sugar 
recovered. By this means the content of sugar is reduced 
to 2 to 3 per cent, of the weight of the dried sludge, which 
amounts to about 10 per cent, of the beets treated. The 
sludge is composed of about 75 per cent, of calcium carbonate, 
the balance consisting of the calcium salts of the organic acids 
of the juice, small quantities of magnesia and alkalies, and a 
certain amount of insoluble organic matter. As it contains on 
an average 1 to 2 per cent, of P. 2 O 5 , 0*3 to 0*5 per cent. N, and 
0*2 to 0*3 per cent. K, it finds a use as a manure. Wlmn purifi- 
cation in this manner is carefully conducted, the juice is not 
necessarily decolorised hy animal charcoal, but in gem'ral the 
use of this material is found requisite. The method of treatment 
is similar to that practised in the purification of the refined juice 
after concentration (v.i.). An alternative plan at this stage con- 
sists in treatment with sulphur dioxide and filtration through 
sand, which eliminates residual lime as calcium sulphite, and also 
decolorises the liquid. The SO 2 is usually applied hy blowing the 
products of combustion from a small kiln burning sulphur into 
the juice, care being taken that the point of neutrality is not 
overstepped. The antis(q)tic properties of the small quantity of 
sulphite remaining in solution are useful in preventing ferment- 
ation of the purified juice. Phosphoric acid has been suggested 
as a precipitant for residual lime, on the ground that it causes a 
better removal of the organic matter (other than sugar) than can he 
efiected by COg. The sludge containing calcium phosphate has a 
manurial valuecorresponding with thaiiof the phosphoric acid used. 

Of late years several other processes have come into use on 
a mdl*e or less extended scale. Thus, Rauson’s method ilepends 
on the use of hydrosulphurous acid, HjBOg, which is produced 
in ^the wgar solution itself, by first treating it with SO 2 and 
hen adding a oaste of metallic zinc or, preferably, tin, which 
reduces the sulphurous acid to H. 2 SO 2 . The liquid is warmed, 

* This gas is removed, noton account of its being objectionable^ as far as 
the sugar is concerned, but because it attacks the fittings of the pumps 
used to draw it from the kilns. 
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when the bulk of the tin is thrown down as oxide or sulphide, 
carrying with it most of the impurities. The tin remaining in 
solution is then thrown down witli lime. Electrical purilication 
of the juice, with or without additional treatment with ozone, 
has also been proposed. A small amount — about 0-25 per cent. 
— of lime is usually added during the electrolysis. It is said 
that the impurities are more thoroughly destroyed if the anode 
is made of some attackable metal, such as zinc. If ozone is 
used, a subsequent treatment with a reducing agent — e.g., SOg 
— is necessary to prevent loss of sugar by oxidation. 

Concentration. — The juice purified by the methods given 
above is somewhat dilute from the addition to it of the washings 
of the sludge separated by the filter press, and has a spcicific 
gravity of about 6“ Beaumo — i.e.^ 1‘043* — corresponding with a 



Fig. .36. — Arnltiple effect evaporator. 

A, Inlet pipe; B, tubes; C, cylinder; D, drum; H, chamber; 
F, pipe for exliaust steam ; (J, box for catching spray. 


content of about 11 per cent, of sugar. It is concentrated in 
“multiple eftect” evaporators, the principle of which consists in 
the use of the steam from one pan, boiling under a pressure 
somewhat less than that of the atmosphere, to heat the liquid in 
the next pan, boiling under a still smaller pressure. A series 
of three such vessels (triple effect), the contents of which boil 
under continually diminished pressure, is usually found the 
most efficient arrangement, doubtful economy being obtained 
on extending the system to four or more pans. An apparatus of 
recent design, which has found considerable application in sugar 

*The Strength of sugar solution is sometimes stated in “degrees Brix,’* 
which arc designed to represent the percentage of sugar directly; thus, 
juice of 10" Brix contains 10 per cent, of sugar. 



CONrKNTKATlOX. 


185 


concentration, is tlie Yaryan evaporator, the essential j^aits oi 
which are shown in Fig. i>G. The juice to be concentrated s 
from the pipe, A, through a series of liorizontal tubes, l‘>, set in 
a cylinder, 0, serving as a steam jacket. During its pas.sage 
through tli^se tubes, its teinpi rature is raised by the lieat 
transmitted from the steam through tlie walls of tlie tubes, and 
it boils under the diminished pre.ssure, whicli is maintained by 
an ordinary exhaust ])ump. The steam and liquid emerge into 
a short, wide drum, D, at one end of the lieating cylinder, and 



I'lL'. \M . — Vacuum pan. 

A, Vacuum pan ; B, double bottom ; C, sl»fam coil ; 1), head ; E, valve. 

• 

the steam is drawn oft’ by the pump through the pipe, F, while 
the liquid collects in the chamber, H. Any liquid carricai over 
as s^jrayliy the steam, on account of the tumultuous boiling of 
uie juice, is caught in the box, G, in which the steam is com- 
pelled to take a circuitous course, and to pass through narrow 
tubes and passages, and thus deposit any su8j)euded ^matter 
which it may contain Tlie liquid separated in this manner is 
returned to H. The exhaust steam from G serves to heat the 
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liquid in the tubos of the next evaporator, the exhaust steam 
from which in turn heats the tiiird ineniher of the series. The 
diminution of pn;ssure is })nmressive, as mentioned above; tiie 
pressure in tlui last evaporator being as low as can be obtained 
in practice. The advantage; of this arrangement is t^at the juice 
is never heated to its boiling point under atmospheric pressure, 
and thus loss of sugar by inversion ([>. 203) is largely (locreaso<l. 
Tho economy of heating also ol)taint‘(l is considerable, a matt(T 
of moment, seeing that the quantity of waKu- to be removed is 
Vf;ry large. A short boiling at atmospheric pressure of tho 
conc«;ntrated juice before tho crystallisation of the sugar then;- 
froim is found n(‘c<“ssary in ord(;r to complet(; the clarification, 
the low temperature of the. triple etfect apparatus not sulficing 
to coagulate* the whole of the impurities removable at this 
stage. The juice is brought by this process to a concentra- 
tion of 20’ to 30’ Heaume (specific gravity 1‘lfi to 1-2G3), and 
contains 3') to 35 [K;r cent, of sugar. Any residual lime is 
r(;inove(l by adilition. of sulphurous acid or phosphoric acid, and 
tin* jiiic(; is fib(;rcd oiih(‘r in a lilter pn‘ss or through aniimd 
charcoal. (Jonctmtration is then continued in a vacuum pun. 
3’h(; old<;r form of this ap[)aratus consists of a globular co|)p(‘r 
v(;ss(!l, A (thg. 37), with a double bottom, 15, and a steam 
coil, 0, f(»r h(‘ating its contents. 'I’he upper ]>art of the 
vosse,l is fitted with a head like a still, 1), conncidt'd with an 
e.xhaust })nmp, by which imams a vacuum i.s produced and 
maintained in the pan. 'I’he jnice, wlnm sulliciently comreu- 
irat(i(l, is drawn off through tho valve, E. Cylindrical iron vacuum 
pans are also iisi'd in modern practi(*(‘. In working the vacuum 
pail, tin; conci'iitralcd juict; (previously wanned) i.s run in, and 
steam at 50 to GO Ib.s. jiressun; is admitted to tho double bottom 
and coil. The exhaust pump naluces the boiling point of 
the concontr.'ited juice to GO’ to 80’ 0. 110“ to 17G'’ F., and 

evaporation proceeds until the contents of the pan has reached 
a concentration .such that it contains 70 to 90 per cent, of sugar. 
The product is termed massecuite. A juice with hut little 
impurity yields a mass of sugar crystals (mixed with syrup) at 
this stage, tho crystals bi'iug fine if the concentration has Ix'en 
rapidly executed, and coarse if the contrary condition has 
obtained. An impure juice gives a syrup from which crystals 
an* deposited only after standing for some time. To facilitate 
crystallisation, the syrup is frequently agitated by meftns of 
mechanical .stirrers. The satisfactory conduct of the concen- 
tration requires much personal skill and experiences It has 
lately l>een pointed out that the use of flioderately liigh 
pressure; st(;am (50 lbs.) is not advantageous, as local over- 
heating of tho massecuite may 'occur. Steam of low pressure 
(of coarse, in correspondingly larger amount, involving the 
use of larger heating surfaces) is distinctly preferable. The 
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massecuite is separated in a centrifugal machine, the crop of 
crystals being termed first jet sui.^ar. Two succeeiling crops 
of inferior quality (second and third jet) can he obtained 
by boiling down the motlier liquor, the final residue of wliich 
constitute^ beet molasses; methods of utilising this material are 
described below. About 70 per cent, of the sugar in the Ix'et is 
obtained crystallised as raw sugar of one or other of these 
grades. 

Utilisation of Uncrystallised Sugar. — The dillbrence 
between the quantity of sugar contained in th(‘ be(‘t and 
that obtained as raw sugar, in a saleable coinlition, by the 
processes described above, amounts to about .SO per cent, of 
the whole. Of this about one-half (15 per cent.) is lost in 
the course of manufacture, and the remaining 1.5 ptT C('nt. is 
left in the molasses s(*parated from tlie sugar crystals by 
treatment of the boibid down puiificd juice in a centrifugal 
machine. The crystallisation of this nssidu.al sugar is reudei'C'd 
impracticable by the presence of orgaiiie substances, other than 
sugar and of mineral matter. The ralhiiose (p. 17i)) present in 
the beet aiso becomes concentrated in the molasses. At om* 
time this residue was chiefly utilised for the manufacture of 
spirit, it being unfit lor food on account of its nauseous flavour. 
As already stated, oain'-sugar molasses is edible. According to 
modern practice, beet molasses is usually worked u]> for crystal- 
lisable sugar, by one or otluu- of the processes about to b(^ de- 
sci’ibed. Choice between utilisation for sugar or spirit making 
depends largely on the fiscal regulainuis of the country in wbicli 
the manufactory is situated, this ])art of tin? m.anufacture being 
— as indeed is the whole industry — luMlged about by privileges 
and restrictions purely arbitrary in character. Idie methocl of 
preparing spirit from molasses diflbrs in no esscuiti.al respect from 
the processes of fermentation and distillation applied to other 
saccharine materials (s(*«‘ iWi^oiwj and IHstUJiiuj^ Vol. II., p. 
■JOI), and needs no further comment. Tiie recov(;ry of crystal- 
li.sable sugar, how(‘V(‘r, is ertect<'d l>y methods of comparative 
complexity. An average sample of beet molasses has the 
following composition : — 



Organic matter (other than sugar),* , 

Potash, 

• Mineral matter (other, than potash), . 

Water, .... . . 


Per (-ejit. 

.500 
20 - 0 " 
5-5 
4 '5 
20 0 

100-0 


(1) The Osmose Process. — Tljis depends upon the fact that when 
molasses is separated from water by an osmotic membra/ic — e.y,, 

* Containing 1 *9 per cent, of nitrogen. 
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piirclitixml paper — tlio salts in the molasses difiuse more quickly 
tlian tlie su^ar into tlie water; a portion of the sugar left in 
solution can he recovered on evaporation. Some dilution from 
the incoming wahu’ takes plac(; under these conditions, but the 
proc(iSS 1ms the advanlag(^ of simplicity and of requiritig no addi- 
ti(m, other than water, to the molasses to be treated. The organic 
matt(‘r (other tlian sugar; present in the molass(;s dilluses even 
more slowly than the sugar, and remains in the liquor sent for 
concentration ; its presence hinders tin; separation of the whole 
of the sugar, and n(a;essitates the return of the molasses produced 
by concentration and sul)S(!quent centrifugal si'paration, to the 
osmose apparatus. Thre(‘ osmotic treatments of the same portion 
of molasses an; as many as can be protitably performed, about 
half the total sugar in the molasses being thus recoven'd. The 
jirocess is carried out in an apparatus somewhat n'smiibling a 
lilt(>r press in structure, consisting of a series of compartments 
separated by septa of parchment paper (see Paper imd Pm^lehoard^ 
Yol. 1]., (diaptei* XIV.). The niolass<‘s is fed into alternate 
compartments, and the water into the intermediate divisions. 
I'lie weak saline solution obtained by the passage of the water 
through the second series of compartments is usually too dilute 
for use sav<^ as liquid manure. In France and Belgium, where 
beets yiidding much nitrate are grown, the water from the 
osmose jirocess is sometimes worked uj) for potassium nitrate. 
The residual molasses, though jioorer in mineral salts, is rioln'r 
in colloidal organic matter than is the original molasses, and 
generally goes finally to the distillery. 

(2) Processes depending on the Formation of Compounds 
of Sugar with the Alkaline Earths. — The property possessid 
by sucrose of forming loose compounds — saccharates — with lime, 
stroiitia, and baryta is turned to account in various processes 
for the recovery of crystal Usable sugar from beet molasses. The 
following are typical methods of this class : — 

(n) The Elution Process.— The molasses is mixed by means of 
an edge-runner with about 25 jier cent, of its weight of quick- 
lime, but little reaction occurring as long as the mixture is kept 
cool ; on this account the jian of the edge-runner is artificially 
cooled. When incorporation is complete the mass is transferred 
to small iron chambers, in which its temperature rises Sjioii- 
taneously to 100“ 0. = 212“ F. or higher, and the sugar combines 
with the lime to form tricalcium saccharate (30a0, 

3H.jO), surplus water being expelled and a hard jiorous mass 
lormed. Tliis product is broken up and extracted systemati- 
cally with weak alcohol (35 per cent.), impurities^being dissolved 
and the calcium saccharate left fairly free from foreign matter. 
Tlie extraction is carried out in an ajiparatus resembling a 
battery* ot dillusion cells (p. 180). The alcoholic extract is 
distilled and the alcohol recovered, the aqueous residue being 
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used as a manure. The alcohol left clinging to th(‘ calcium 
saccharate is remove<l hy steaming and is also rcciu t rcd. 
During the steaming the tricalcium sacch.irate is jiarlly 
decomposed, yielding monocalcium saccharatc, ), 

1L,0, and^lime. 'riie complete S(‘paratioii of the lime can be 
ellected by tn'atment with CO.,, but the mouocalciuin sacchavate 
is oft('n substituted for lime, in the early slag<'s of the winning 
of raw sugar, tor neutralising the acidity of (he diffusion juice 
(p. 181); the acid thus neutralised of (bourse lih(>rates an equivalent 
quanlity of sugar which i.s worke<l u|) with tin', bulk. Various 
modifications of the (dufion proc«\ss liavt* Ix'cii devis(‘d, difl’ering 
chitdly in the manner in which tlu^ calcium saccharatc is prodinad, 
but their underlying princi})le is i(h-ntical with that enunciated 
abovi'. Steffen’s process i.s dist inguished from its t’ong(>ner.s by 
the fact that the use of alcohol is ilispensed with. The molasses 
is diluted with wattn* until its content of sugar is about 7 per 
C(‘nt., and to it quicklime is addt'd in small portions, fJi(‘ total 
quantity being about Ocpnil to the weight of stigar pres<Mil. The 
li(juor is well stirred during Jidmixfure to j>r(‘veiif, tin* t(‘in))rr:i( lire 
rising tibovf' 15'^ 0. ^ - by’ F. At first the lime goes into solution, 
but evfuitually it s(q)arate.H again as tricaleium .saccharab^ aci^om- 
panicd by ('.\cess of linio. 'Plie mass thus obtained is fil((n’ pja'sscd, 
and tile saccharatc used instead of lime in pni if) ing tin; cruiio 
juice (p. 181). 'I he (!xpress('d li(pii(l is utilised as niaiim (‘ and 
the washings ari* used lor diluting the next hatch of inolass(‘s. 

ib) Strontia Processes. - St-veral proces.sijs liavo Ixam dovisi'd, 
notalily by Sclndblcr, in which strontia i.s suhst itiited for linuf in 
recovering sugar from hect niolass<‘S. Th<^ earlier of tin*, pro- 
cesses due to this clu'iiiist consists in tn'atiiig the molasses with 
sii'ontium hydroxide- in .sullicieiit piojiortion to form distiimtium 
.sacchavate, 2.SrO. Cj.^l i.„d )jj, and lo leave an c'xci'ss of sti’ontium 
livdroxide, in a Solution of wliich the saccliarate is aimost in- 
solubbi. file precipitate i.s thrown on a lilb'ring cloth stretclnHl 
over a horizoiiial siuni-cy lindrical ve.ssel. The air Imneath the 
filtering cloth (which is, of course, sujiported by a perfor:»ti;d 
])hiLe) IS exhausted, and the de sugared liquid pulled through. 
Tin; distrontium saccliarate is washed with a hot solution of 
.strontium liydroxide, turned out into iron boxes by inverting 
the filter, and treated with wai.er at *'i tempi'-rature below 15" (J. 
— bO" F. ; cold-air chamb(‘rs are re<[uisite in warm weather for 
this part of the process. . The saccliarate is decomposi'd, giving 
crystids of strontium hy<lroxide and a .solution of sugar, which is 
fish'd fitmi residual .strontia by treatment with and concmi- 
tinted in a va^mum pan in tlie usual way. That part of the 
strontium liydroxide which cry.stalliaes i.s immediately avail- 
able for further use, while that precipitate<l as earhonate is 
causticised by burning in. a special kiln {v.L). A moio n.'cent 
modification by Scheibler depends on the formation of niom> 
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strontium sacciiarato, SrO.C’j J when a solution eontainirii: 

about 2f) per c(?ru. of sii^oir is treated with stroiilium liydroxitle 
at about 70“ 0. -- 1 r»<S'' K A sliglic exetsss of strontium liydroxide 
is used, and the temperature is maintained above that at which 
the formation of distrontium saecharate takes placc< Tlie in- 
stability of mono-strontium saecharate is such that the addition 
ol a crystal of strontium hydroxide determines the precipitation 
ot th<i same hydroxide, and that of a <;rystal of monostrontium 
saecharate caustis the latter salt to be thrown down. To tlie 
lifjuid is, therefore, first added a crystal of monostrontiura 
saecharate, and the precipitate filtered off; the filtrate is boiled 
with strontium hydroxide, yielding distrontium saecharate as a 
})i-ecipitate, which is used instead of sti'ontium hydroxide for 
treating a further portion of molasse.s, another crop of mono- 
strontium saccliarate being thius obtained. The total yicild of 
monostrontium saecharate is decomposed by dissolution in water, 
thorough cooling, and tin; addition of a crystal of strontium 
hydroxide. The recovered strontium hydroxide can be used 
again in the process ; the sugar is freed from remaining strontia 
by moans of CO.^. The filtrate from the distrontiuin saecharate 
obtained above yields on crystallisation crude strontium hy- 
droxide ; residual strontia is recovered as carbonate, and the 
final filtrate contains the impurities of the molasses; it is worked 
up for potash or used as manure. 

The strontium hydroxide used in this process is generally 
prepared in the sugar factory by burning native strontium car- 
bonate (stroniiiinite) to caustic strontia, much in the same wav 
as limestone or chalk is burnt to caustic lime.* A gas furmu-e 
is preferable for this purpose, as the(a>mparatively costly strontia 
is thus not contaminate(l with the siliceous ash of solid fuel, and 
.for a like reason the furnace sliould bo hasio-lined (sec Vo\. i., 
p. 8). Strontia being a more powerful base than is lime, has a 
stronger tendency to act upon acid materials (e.g., siliceous 
bricks) and also requires a higher temperature for the decom- 
position of its carbonate. The strontium carbonate obtained as 
a bye-product in the process for winning crystallisable sugar 
from molasses, is taken from the filter pre.ss, moulded into bricks, 
and burnt in the same manner as the native carbonate. The 
caustic strontia is hydrated «and dissolved in water, the hot solu- 
tion, containing about 13 per cent, of SrO, being run off and 
allowed to crystallise, nearly tlie whole of the strontia being 
deposited in the hydrated state as Sr(01{)^. 81120. 

The saccliarates formed by the use of baryta instead of i^trontha 
have also been used for the separation of sugar ffom molasses ; 
the processes thus devised are essentially similar in principle to 
those depending on the formation \)f the corresponding strontia 
compounds. 

* *C(i:kstine (native strontium sulphate) is also used as a source of strontia. 
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A process invented by Wohl has been tried during the last 
few years, which depends on tlie fact that lead oxide and basic 
carbonate are botl\ easily soluble in a solution of sucrose 
containing free caustic alkali, hut crystallise after a time as 
dipliimbic s|^ccliarate, 2PbO, CooHoof\j, leaving alkali saccharate 
in solution, the crystallisation b(dng especially nipid if some 
dipliimbic saccharate is brought into contact with the liquid. 
There is, however, a certain ainoimt ol dilliculty in subse- 
quently removing the lead compleiely from the sugar, and at 
present tin.' strontia process is usod almost universally. 

(ji) Processes depending on the Direct Removal of Potash. 
— Several processes of this type have been devised, but only one 
has been practised on any considtuvalile scale. The /ilum process 
of Duncan and Nmvlands consists in lu'ating the molasses with 
a strong solution of aluminium sulphat(\ in such (juantity as 
sulhces to form alum with the ])otash salts pn'sent. 'flie alum 
is separated, the liquid treated with lime, heated to 100^^ 
—■IV C., and iiltercd, the fdtrate containing sugar in a crystal- 
lisabh' condition. The value of the alum obtained as a bye- 
])i'oduct is said to covi^r tlie cost of tlie aluminium sulphate 
used. 

Another method of utilising beet molasses consists in ferment- 
ing and distilling (as mentioned aliove), and working up tlui 
It ^idiK's ai'le.r cliarriiig (SclJsmpekoJda) for potash (seii }1mor 
Chernical Industries, Vol. IT., Chap. X vTIl,). Molasses are also 
used as boiler anti-incrustators, and, mi.xed witJi cement and 
sand, for mortar. In addition, molasses form an excelh'iil. 
feeding material, and are for this purpo.s<^ often absorbed iji 
peat. 

Minor Sources of Sugar. - Although by tar the major ]>art 
of the sugar consumed by civilised nations i.s obtained from the 
sugar cane or the beet, yet there i^xist several minor sources of 
sujiply that have a certain local importance*. The trade in these 
classes of sugar is so inconsiderable that the prejiaration is con- 
ilucted in a crude and simple manner, involving the application 
of no chemical principle other than those already included in the 
de.scription of the chief sources of sugar. 

Maple Sugai’. — This is obtained frqm the juice which flows 
from incisions in the sugar maple (^Acer saccharwum). The juice 
is mefbly boiled down unt\l it solidifies, forming a crude sugar, 
consumed in rural districts in the United States and in Canada. 

P^lm sugar is won in a similar manner from the juice of the 
' ite palm {Phoenix sylvestris) and trees of like species. 

Sorghum Sugar. — Extensive experiments have been made in 
the United States on the cultivation of Sorghum saccharaium, 
which is a graminaceous plant, the juice of which contains sugar 
(5 to 10 per cent.). At present the cultivation has practically. 
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ceased on account of the fluctuation of tiie content of sugar, and 
the ])resence of non-saccharine constituents in the juice which 
hinder the crystalJisation of the sugar. 

Refining Raw Sugar. — A good deal of raw cane sugar — i.e.^ 
sugar obtained hy simple separation by draining, or by means of 
a centrifugal inacbine, from the product of the concentration of 
the purified juice — is consumed as “moist sugar” (Demerara), 
tliougli much that is sold under this title is merely one of the 
lower-grade products of the refining process. Haw beet sugar is 
not fit for food on account of the ob|(*ctiomil)le flavour possessed 
by its impurities. The process of refining is essentially the same 
for sugar (tf all sources, although, of course, a raw sugar of fair 
purity is treated more easily than one containing much foreign 
matter. Sugar, when completely refined, as in the case of loaf 
sugar of good quality, is almost pure sucrose, and is of identical 
flavour and sweetening power whatever its origin. The super- 
stition tlif.it refined hei't sug;ir is inferior in sweetness to cane 
sugar has arismi from tlu^ fact that formerly, wlnui beet sugar 
was loss compI<.itely refined than it is at present, its sweetness 
was diminished and its flavour impaired by the small quantity 
of alkali salts which it contained. Jfepeated tests have shown 
that it is impossible to distinguisli the source of refined sugar 
by taste. 

Haw sugar varies considerably in composition, but a common 
coiitc'iit of sucrose is 00 to 95 per cent., the balance consisting of 
water, mineral constituents, organic matter other than sugar, 
and a little invert sugar. The system of refining generally 
practi.svd is carried out in tlic following stages: — 

Dissolution. — The raw sugar is dissolved in water by the Aid of 
open or close steam, a solution containing aliout 50 per cent, of 
sugar and liaving a temp<‘ratiire of about TO'' C. — loS'’ F. being 
obtained. When very crude sugars are refined, defecation by 
the addition of blood, aod heating until coagulfitioii of the al- 
buminous matter tlius introduced occurs, is sometimes necessary. 

Filtration. — The solution, if of beet sugar, may sometinu's be 
filtered in a filtiT press, but if of cam' sugar, usually net'ds a 
different method of treatment. In this case it is filtered through 
bags of a cotton fabric (“twill”), arranged in an appaiatus known 
as a Taylor filter. This consists of a cast-iron box covered with 
a perforated plate, from which depend long, narrow bags of 
hemp. Inside each bag is the filter hag [)roper, of t\\411, as 
stated above. The moiitli of each twill hag is tied on to a nozzle 
set in one of the perforations of the plate covering tlu^ cast-iron 
chamber. This plate forms the bottom of a shadow tank resting 
on the cliamher, and serving to distribute the sugar solution to 
the whole of the hags. By mea<i.s of the large filtering surface 
exposed by the bags, filtration proceeds at a fair rate in spite of 
the slimy character of the suspended matter in the sugar solu- 
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cast-iron j»ip(!s of ellipitical section, set \ erti<'al]y in prroup.s, and 
licated from hf'low l»y a Itiniaci-. I'Iji' wet cliar tints (inters at 
tlio cooler end of tin' jiipos, is iIk.tc dri<‘d, and is more strongly 
lieatc 1 as it de.sconds, linally <'mcrging at the lower and hotter 
end of tlx* pipe's into sheet iron (-(sding j)iiH's [tyovided with 
valve.s, so that su(‘ces.sive portions of the n'hurnl eliar can be 
ilropped out and conveyed to tlie <h‘colorising towers. After 
rc'prated rehiirnings, th(‘ char cease.s to act elliciently, and is sold 
as tnantire. 

Evaporation of the Decolorised Liquor. The liquor is boiled 
down in a vjicunni pan similar to tluit iistal in concentrating 
piirdied juic(' for the pnaluction of raw sugar. A typical pan 
of the older spheroidal tyjic has hcc'Fi already shown diagram- 
nialieally in Vig. 'M- Tin* body of tin' pan has one or two glazed 
opf'iiings, so that tlio process of coneentnition can htMvatched, 
and H “ proof-stiek ’’ or rod for taking .sainphvs without opening 
the pan is also pn»vi(led. The boiling down is carried on at a 
lemjiorature ninging from TJO’ to li)0' K, - 49" to 88" 0., 
according to tint (|Uality of tin* sugar to he produced. Tn 
general the larger tin* size of the crystals najuin'd, the higher 
tin; iein[H‘rature adopted. The advantages of tin* use of a vacuum 
pan have been already mentioned under concentration of purified 
juice. 

Th(‘ ]>r()duct from the vacuum pan t(‘rmed massecuite is run 
ii»to a receiver and transferred to a centrifugal machine in which 
the crystals arc freed from adhering syrup. The syru}> is worked 
up for a fresh batch of lower grade* sugar, and the final liquid 
yiortion, which fails to yield crystal I i sable sugar, is sold as treacle, 
d’he crystals may he sold as such or moulded into cube sugar 
(r.t.). The moist sugar, which is white when separated from the 
lua'iseeuite, is often coloured yellow to imitate gt'uuine ntoLst 
sugar, such as Demerara. For this fraudulent purpose artificial 
ilyestufts are freely used. Ev(ui in genuim^ Demerara, steps are 
taken to fix (ho natural colour by the addition of stannous 
ehloridct solution to the magma from the vacuum pan ; most 
of tlui tin is drained away with the molasses, but from i to J 
grain of tin per lb. of sugar may remain. 

Preparation for the Market. — Tlie refim'd sugar may be 
sold as crystals, or in laaves or cubt‘.s. ISugar loaves are prepared 
bv running the massecuite into conical moulds, the small end of 
which is .somewhat rounded, departing from the shape Of a true 
cone in order to facilitate the n'lnoval of the sugar from the 
mould. Tn the smaller end of the mould is a hola closed by a 
peg. After filling, the moulds are set, each with its small end 
downwards, and tlie Ihjuor adhering to the crystals of the 
massecuite is allowed to drain aw’ay. A layer of sugar at the 
•wider end of the mould is removed and made into a magma 
with a nearly saturated solution of refined sugar, and then 
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poured back into the mould The loose i)ulpy immss tluis Ibnns 
a sort ot'lilter bed wliicli aids tlu‘ evt-n (lisiributi»»ii id' tin- 
lion of sugar caused to jXMVolato from tin* widi* to lli'* iiairow 
end. As the li(juor liltors througli and runs out ai the lower 
t'tid, a fresli^portion is poured on to the iipjier the opriMiion 
lieing repeati'd until all tlio originally adhering liipior of the 
niasseeuite is exptdlcd. The sugar loaf is tlien allowed to drain, 
removed from the. mould, ami dried l»y hot air. \'ariiui> nt her 
mi'thods of making “lump'’ as distinct iiom “ loal " siigai are 
in use. Thus, cubes of sugar may l»e prepared by filling |•ul■e 
^vllite crystals of sugar, moistened witli a little pun* .solution of 
sugar, into cubical moulds set in tin* (“Xt(‘rnal surfate of a 
rotating drum, and consolidating the mixture by regulited 
piH'ssure. The soft moulded cubes an* romove<l aulomalieally 
and sieved. 

Sugar candy is prepared l>y simply allowing a sctluiion of 
sugar to o"ystallise on thn*ads strung in tin* v«*ssel eoiiiaining 
the solution. The white variety is pun* sugar; tin* yi'llow or 
brown should be lo.ss pure cane sug;u*, retaining a portion of 
tliose constituents which give it tin* j)l(*asaiit flavour eharuc((*r- 
istic of genuine Demorara; refined sugar artificially coloured is, 
however, often substituted. Well-ndined white sugar, from 
whatever source and of whatever form it may be, contains 99 8 
to 90'9 per cent, of sucrose; the balanc«; is clii< fly water, only 
traces of ash and organic inatttT otli(;r than suerost* heiii:; jire- 
sent. The faint yellowish tint sometimes retained (‘ven by widl- 
relined sugar is hidden by the addition of a small (ptaiitity of 
sonn^ blue colouring matter, usually ultramarijie. Jhire eano 
sugar has a dextro-rotatory pow(*r of OG-o''. 

9. Lactose or Milk Sugar, — Tlii.s may ho 

ri'garded as a purely pharmaceutical pr(*j)arati(m, the manufac- 
ture being, of course, insignificant cojiipared with that of sucrostL 
l^filk contains about 5 p' r cent, of mifk sugar, whicli can bo 
e.\tract(;d by the following method: — 'I'lie bulk of tin* fat is 
removed by a separator for butter making, and tlie “sepiiratfid ’* 
milk heated to from 75“ t<» 85“ C. = 107“ to 185“ K., and tr(‘aL<‘d 
with 10 percent, of milk of lime, wln*rrby the residual fat ami 
casein are precipitated. Saturation with follow.s, as in the 
purification of beetroot juice (r.s,), and Uie purified liiptid is con 
centrated and the milk sugar crystallised. It iriay lie purifn-d 
by dis^lution in water and l)recijd(ation by alcohol. Milk- 
sugar is le.ss soluble than cane sugar, re<juiring about '' parts 
of cold wa^er. It is dextro-rotaUn-y, the normal rotation 
b big*a„ 52-5. ^ A recent]y-pr<*par(*d .solution exhibits (lie 
phenomenon of bi^rotaiion, or of senii-rolation, according to the 
method of its formation ; on standing or heating, normal num- 
bers are obtained. 

3. Maltose, 0j2H220^.H20, is prcjtared commercially in 
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small amount. It is formotl by the action of diastase on starch 
(see Hreivimj and Distillintj, Vol. II., p. Ill2). If recpiircd ap- 
])roximately pure, it is separated from the mass obtained by 
actin'' u{)on starch with malt, by extractirif^ with alcohol of 
specific gravity 0'H20, and allowing' the solution to crystallis(‘. 
Tt is slii^ditly sweet, readily solubh; in water, and its solution 
has a (Idxtro-rotation of 140". 

(11.) GLUCOSES.— 1. Doxtroso(r/my)6^su/var),(y[,./),,n 
occurs in the juicre of ripe fruits, accompaiiii'd by it.s isoiiuT- 
ide, hevulo-sc, and freciiiently by sucro.se. 'flu! quantity varie.s 
from 10 to 15 per cent, in I'rapes to 1 to 4 per cent, in p(?a( hi‘S 
and jilums. A process inv'enU'd by (/las.sen for the manufacture 
of dextrose from wood consists in treatini' wood shaving's witii 
SO., and wat(‘r under pressure, but the method has hirdiy 
pas.sed th(‘ experimental sta^n?. Dextrose is v(*ry .soluble in 
both cold and hot watiT, in this respect re.semblirii' cane sii'';ir, 
Tt has about two-lifihs the sweetening' power of cane sui'iir. 
It has a rotatory pow('r of a„ - 52-5, and e.xhibits the f)hcno- 
moiion of bi-rotation. On heating to 170“ 0. - 538' F, it is 
converted into tin? anhydride gluco.san, the taste of 

which is scarcely sweet. At a higher temperature, 200" to 
220“ C. = 482° to 618“ F., it yields caramel, much u.sed a.s a 
colouring material for beer and other liquids. Caramel may 
also be prepared by heating cane sugar. Dextrose was at 
one time prepared from grapes, but now it is niadt* by the 
hydrolysis of starch, the product being called commercially 
starch sugar. 

Starch Sugar {commercial (//wcose).— The starch, which is usually 
that from potatoes or maize, is made into a cream with cold water, 
and run into boiling dilute sulphuric acid.* Heating is con- 
tinued until starch is no longer present, and the hydrolysis is 
considered complete. The main reaction ultimately obtained 
may be represented thus — 

(CeHioO,),. -I- «H.,0 = wC«H,A, 

but it happens in stages, and is far more complex than ap[>ear3 
from this eejuation.f Smoothness of conversion is favoured by 
using a dilute acid (e.g.^ 0*5 per cent.), but the process is then 
slower than with a more concentrated .solution. A tempera- 
ture above. 100“ 0. hastens the couvijrsion, but involves risk of 
caramelisation. Hydrochloric and oxalic acid may be used as 
inverting agents in place of sulphuric acid, but the last-named 
is generally employed on account of its cheapness anti its^ease of 
removal subsequent to the conversion of the .starch. A proce.ss 

* The acid used should be free fi^m arsenic, as this is liable to pass into 
the .sugar. 

t Dextrin is an intermediate product, and a portion is usually present 
in the crude dextrose ultimately obtained. 
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in which the starch is subjected to a preliminary treatment with 
SOo at 70“ (158“ F,), and th«‘n inverted by means of O'L’ per 

cent, of sulphuric acid at 120“ C. (248° F.), is said by Classen to 
yield better results than the foregoimr. 

After tr^atmeiit with sulphuric acid, the liquor containing the 
dextrose is neutralised with chalk made into a cream with water, 
the calcium sulphate is separated by means of a filter press, and the 
filtrate decolorised by animal charcoal (p. 193), and concentrated 
in a vacuum pan. Care must be taken to eliminate any trace 
of alkali before concentration, as dextrose, is readily attacketl l)y 
alkaline substances. 'Fhe .starch suL'ur thus prepared contains 
about 70 per cent, of dextrose, 5 to 10 per cent, of dextrin, and 
10 to 20 per cent, of water; small (}uantiti<*s of maltose, ash, and 
indeterminate organic matter being also present. For most us<‘s 
to which dextrose is put- - c.y., as a. source of alcohol in beei* and 
other ferment('d liquors — it is not n^quiivd pure. When ]>ure 
dextrose is reijuired, it has to lx; crystallist'd from im-lhyl 
alcohol, as its se])aration from its mother liquor cannot b(^ 
ell'ected by m(‘an.s of a centrifugal machine in the manmu* 
adopted for .sucrose, the crystallisation of which takes place 
more readily than does that of dextro.se. Mucli crude (h'xlidso 
is used in preparing .sweetmeats and factitious honey. Jiaek ot 
sweotncs.s is comp(m.>^ated for hy the addition of saceharim* (7.C.). 
l^extrose is also used for making caramel, which is prepamsi l)y 
<‘\aporating a slightly alkalinr^ solution of .starch sugar to 
dryness, and lieating to 220 C. 518“ F., or to a liiglier tem- 
perature when a product soluble in strong alcohol is rerjuired, 
as in the colouring of .spirits, Jleer, vim’gar and .sauces aie 
commonly coloured by caramel obtained at the lower tfunjxTa- 
ture, as the need for solubility in alcohol does not then aris(\ 

2. LobvuIoso {frvif s^iigar), is the constant eon- 

comitant ot dexMdse when sucro.sc; is inverted {v.i.) It lias 
a rotatory power of — - 98’8°, this being greater than that 
t»f dextrose, and in a contrary direction. Thus, it follow's that 
invert sugai- consisting of etjual parts of dextrose and ltevulo.se is 
hevo-rotatory. Lmvulose is somewhat .sweeter than cane sugar. 
Tt has a small use medicinally for diab(!tic patients, and is })re- 
pared from invert sugar by taking advantage of the fact that 
the com])Ound which it forms with lime, C(;Hj20gCa0.H,>(), is 
.sparingly .soliibln in water, whereas the corresponding derivative 
of deAose dissolves readily* It is also formed on the hydrolysis 
of the starch-like carbohydrate inulin^ 

Iiujprt 5Ugar is prepared from sucrose by .subjecting it to 
h /drolysis, the process being termed inversion, inasmuch as the 
dextro-rotation ot the original sugar is changed into a he\o- 
rotation w^hich is approximately Ihe algebraical sum of the rota- 
tions of dextrose and Itevulose. The hydrolysis of suerf'se is 
readily effected by heating with a dilute acid. Even carbonic 
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acid is capable of causing inversion. Invert sugar finds applica- 
tion in th(5 preparation of sparkling wines, the after-fermentation 
taking place more easily with it than with sucrose (see Champagne, 
Vol. II., p. l' 24). Hoiujy consists es.s<*ntia]ly of invert sugar, 
tlioiigli I he nature of th(‘ Haccliarine material supplied to the bees 
inllm-nces the product. 


STARCH. 

Starch, carboliydrate o -curring abundantly 

in all plants, liy far the gn^ater ])art of the starch grown for 
consumption is usfd in the forin in which it exists in cereals - 
i.e., as.sociated with fat, nitrogent)us matter and mineral con- 
Rtituent.s. A fraction, howev(‘r. which is ab.solutely larg(; though 
?'elatively insignificant, is (cxtracl(Ml from starcli-lxiaring plant.s 
in a state of approximate purity, and us(*d for spiM'ial jjurpo.ses 
(v.i.). Starch being a constant product of V(‘g(!tation. its j)rollt- 
able <‘xtra(;tiou is naturally n'stricttal to the treatment of a 
comjtaratively few plants exec^ptioTially rich in starch, and yitdding 
it. with unusual eas(‘. No rarity compeds its winning fn)m h,‘,-s 
fiK.'ile .sources. Tlie composition of various typical staicli yielding 
matm-ials is givaut in tlu^ following table ; - 




\Vlu':it. 


Kicc. 



I’cr cent. 

Vi.T cent. 

IVr cent. 

Starcli, .... 


7<)-0 

()S-.| 

7(»‘r) 

Woody filin'. 

11 


‘io 

o-i; 

Nitrogtuions matter, . 

2 0 

J2-4 i 

!)■!) : 

7-8 

Fat, 1 

1 ! 

1 -7 : 

4(; 

0-!) 

Adi 1 

1 10 1 

1 1-s 

i-.i 

l-u 

Water, .... 

71-7 

1 1 -t> 

l;{•l 

l;^2 


lOUO ; 

1000 

lUOO 

lOO-O 


Although no chemical dilFeronce, giasater than can he ascril)ed 
to the influence of accompanying impuritiijs, e.xists betweem 
starch of dillenmt origins, yet the siz(^ and sli-ucture of starch 
granules from dissimilar plants are very various, each being 
characteristic of the source whence the starch has been deriveil. 
Thus the average diamettjr of th(‘ starcli granule of the arrow- 
root is 0T40 mra., while that of the starch granule of ^iice is 
0 022 mm. The diflereiitialion of starches by size and shape of 
granule belongs to the province of analytical chemisti^y. 

Manufacture of Starch. — The winning of starch from sfarch- 
bearing i)laiits is mainly a mechanical process, consisting in com- 
minuting the raw material, washing out the starch by suspension 

* When calculated on the suhslanco containing 10 to 12 per cent, of 
water, the content is similar to that of tho other materials quoted. 
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in water, and purifying it by levigation. Certain eljeniital 
princi])les are, however, involved, neglect of whicii is greatly 
detrimental to economy of w'orking. 

Potato starch serves as an example of a starch obtained by 
methods almost wholly mechanical. Potatoes are grown f->r 
starch makfng on the Continent, especially in Germany, 'riiey 
are liable to disease, wbich greatly diminishes tin* content, of 
stirch, but does not otherwise interfere witli .starch making, 
and when stored tend to lose stareb by vital oxidation. pai‘- 
ticularly if sprouting occur. When (‘xposed to frost, a con- 
version of starch into sugar takes |^laco. the well-known swcnt 
flavour of a frost-bitten potato Ixdng (lu«^ (li(*reto. A ntULrb 
works test of the content of starch is usually mad«‘ by lakin:: 
the specific gravity of 10 to 12 lbs. of potatoes, the .spreilie 
gravity rising with the percentage of st.arch })rcscnt, being alioiii, 
I ’OS with 14- per cent, of stareb, and PM with 27 pen- jtiiI. Tin* 
potatoes are well washed, and then pulped in a rasping niacliini*, 
which consists of a rotating liorizontal cylinder furniilird wiih 
internal sc'rrated blades, against which the potatoes are pif^.eil. 
It is iinpoiiant that tlie cell.s containing tin* suarcli "liouM 1m* 
torn open, as otlu'rwise tiio stareli is not extracted in tin* 
quent procnsse.s. Plven with tln^ best modern rasju'i’s a l')s> of 
20 to 25 per c(*nt. of the starch is usually incun'('(l. (A poriion 
of this retained starch may lx; recoven'd by a .s(*cond rasping 
process, or by grinding the rasped product after the bulk <d ilie 
starch has been removed.) The pulp is washed upon brass or 
phosphor bronze wire sieves, and the starcli is carri«*d oil' in 
suspension in tlie water, the larger fibrous debris of the enlls of 
the potato being left on the sieves. The li(inid contains in sus- 
pension, besides starch, any fine sand from the potatoes and the 
finer debris of the potato cell.s, and in solution, salts, albuminous 
and lion-nitrogenous extractive matter. It is run into coll(*o*( lug 
vats, well stirred, and run off, leaving the sand; tli(‘Mc<* it 
passes to settlers, in which it is allowed to remain for some 
hours. Separation of the starch may be effected more rapidly 
by running the liquid over cloths, from beneath which the air 
is exhausted. After the water lias run through find off the 
filter, the layer of starch on it may be dried by continuing the 
suction. The layer first deposited is nearly pure starch, wliile 
upper and later layers contain such fibrous organic matt(*r as 
has piwsed through the sieves during the washing of the pulp. 
The lower layer is white, whilst the upper is greyish in tint 
and can J)e scraped off and rewashed. Separation is better 
. Tected by centrifugal machines, which both drain the water off 
and segriigate th^ starch and fibre in the manner of an ordinary 
centrifugal separator. The “green” starch, in the form of a 
slurry or paste, containing from 25 to 50 per cent, of water, 
according to the method of separation employed, is dri(;d, 
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first at ;i low lemperaturo to provont its pjohitinisation, and 
finally at GO"' to 7u‘' (J. 140“ to F. As jmt on tin 

inark<‘t in an air-(lri<^d state it contains IG to 1<S per cr'nt. o: 
\vat(!r. 

A largo proportion of coinin(‘r<Mal potato starch is not driod 
hut ustMl at once in the “gn'Oii ” state for conv**rsion into starcl 
sugar hy liydroiysis, in tin* manner iloscrihed above (see Sf-irrl 
Suyar, Vol. II., p. llJti). TIkj residue lelt from the i xiiacii'ii 
of tlie starch still <*ont:uiis ahouf GG per c(Mit. of its tni.ii drv 
weight of starch, together willi small <jiiantities of nit i (^gciiou* 
mat ter, .ami serv(*s as .a fodder of imlilfenMit (jiialily. 'I'lie uati i 
from which tln^ starch h.as hecm flep(»-iled in tln^ washing piDCi 
ei>ntair»s a trilling .amount of mim ral manuri.al const it nent <. sin li 
as potash and phosphori(; aci<l, ami s<»m<‘ nitrogt iiims niaiii r; it 
m.av. therefore, he utilised where irrigation is ]'r:u:t itahir. 

|)ise.as(*d ]iota.toes are soimuimes worked uj) for fln ir st;ircli 
hy Ixdng suhjci-ted lf> a prelindnary pro<a-s.s of f(Mam nta,t imi, 
similar to th.at (h'scrihed Ixdow for tin* prwduct ion ol' win. it 
starch ('/.r. ). 

WllC.at Starch. Starch may he prepared from wheat, eiilan 
hyopt'iiing up (he grains of wheal hy ,a spniiia.iieous lei nieiit at i \ i 
or put refacf iv(> a<*tion, or hy simple \\,a'<hiiig aided hy ireaitii' iil 
with <-,austic >o-ia. Acc<»rding to the fir^f method, the wlie.ii i- 
.allowed to swell in %ater and is thett crushe«l in hags, the siai'- ii 
heing thus extiaided jittd i*arried .aw.ay hy a stream of water, 
'.rile water, (‘ontainiiig st.ar*’h in su.'.peiision, is run into t.aid'.'^, 
wlnn’C it remairis for a fortnight or three we<ks. during whi' li 
tiim* fertm'iit.at ion sets in ;it the <*xpiais(‘ of the glnt.-ii. wid.-li 
h.as iiccomp.anieil t la* .st.arch when it was fir.si wa.slied oai of tin 
grain. If t Ik* fcrmental ion he e,)nt roll.-d .so t hat the put l efaei i \ ( 
.‘'tage is not rcacin'd, the starcli is hni lilt I*' affected, and can lx 
separated and purified fia>m gluten lyv .systeniat ic .a'^lii iig. in tin 
manner alre.ady described for potato .starch, 'fhe green siarcli 
is la'inoved ami dritsi in tlio usual manner. 

l'\‘rmentation for nmioving the gliiien can ho dispensed wiili 
hv using as ;i solvent for iln‘ gliUim caustic sorla of .speeiili 
gr.avity I'l'l-d, in .such <pianti(y .as to k<‘ej) tin? ii(|uid .aiw.iy,' 
slightly alkaline. 'I'hat portion of the gluK'n which is not dis 
solved hy the ctiust ie soda is rtmiONaal hy a lim*- mesli('(l .sieve 
whiU‘ the portion in solution is w, ashed away or preidpitat • '! a^ 
ileserihed umh-r /ihVc .v/rtn'/o 'riu' yiehl ofst.areh of g(K>.i . laliu 
is higlu'r than th.ai oln.ainoil in the more primitive proi e.^-. s 
'J’ho irr(‘giihir sticks, roughly n'ctangular in section, wliieli art 
gtmerally prefi'rred hy tin- ilom(‘sti<’ comsumer of starch, can he 
pr(‘pared by tightly wivipping a moist- cake of stiircli in paper ami 
<lrving the ctmlim-d mass, t'ontraction sets in with apju'itx iin.itt 
regularity, yielding stieks of the form famili.ar in tin- laundry. 

Rice SttU'Ch. — 'I'ho rice plant (Ort/za suticf) may contain ;u 



much as 80 per cent, of starch, ami is thus a richt'i* raw maU' 
tlian are potatoes or wheal, hut on account of the refract 
character of tlm uluteii iissuciatcd witli tlie slarcli, the sl-i 
granules must liberated by treatment with a dilute alka 
solution. j.Jnless the solution he kept weak, gelatinisai 
of tin; starch may occur, and acids are inconvenient 
opening up the grain, as their use inake.s that of m 
machinery and fittings unsuitable. The raw mat(u-ial list'd 
the manufacture of rice starch generally consists of the w; 
ami broken grains obtained as a bye-product in dressing rice 
consumjttion as a food. Typical materia! of this class eont: 
about 12 j)cr cent, of water, 70 per et'iit. ol' starch, 9 per cent 
albuminous matter, and small quantities of fat, crude libie, ; 
and carl)oliydrat«‘S otliiT than stareh itself, d'his matej-ia 
plact'd in tanks provided with jx'rforated false bottoms, : 
trcatC’d \\i(h caustic soda of about 1 piu' cent, strength, 
liquor is run olf after about eighteen hours, and tin' ih^c ag 
treated with a tV(*.sh portion of caustic soda solution Ibr a fui't 
fK'riod of tw<!l\e hours. It is then ground to tlnmitinost ])oss 
lineness, the mass being ground whilt^ w<‘i with the same, dil 
caustic soda solution. 'I'Ik' milky liejuid is tlnm ]»asse(l tbro 
sie\(\s which retain a good <l(‘al of the .sw<dlen glult'ii, and al 
wards run into tanks ami allowed to si'ttle, the. starch l)i 
lilt iiiiately waslnal in a manner similar to t hat adopted v 
otlier raw niatc'riaks 'I'he glut<m cotitainml in the wasl: 

Wat CI S can be prticijntated by aciilifying them, and used n 
ftjdder. 

Maize Starch.- According to Archhold an av(‘rag(t sampl 
maize contains 1 1 ])cr c«'nt. of water, bn j»er cent, of stal’d) 
})cr cent, of woody fibre, S jm*)- cent, of albuminous matter, si 
(juantities of carbohydrates otlm'r tlian starch, and nearly b 
cent, offal, and an e(jual (|uantity of ash, 'J'h(‘ large proport 
of non-starehy mab'rials, notably fat and gluten, remhu's 
])i()eess of extraction of tin', starch somewhat, complex, 
niauufactun' is chi<dly coiulueted in the United States, 
process in use being known as the “sweet” })rocess, the phi 
thus dilleinmtiating it from the fermentative proce.ss for wh 
which is “sour.” The preliminary treatment of the grain 
dudes the lemoval of tln^ germ, whicli is of considerable i-. 
and disproportionately ri<;li in fat. The maize is steeped 
soft \^ter for about a wtmk. until, indeed, incipient putretaci 
occui’s, and the maize is .sullicit'ntly soft to grind. At this si 
sulphurcWed hydrogen i.s evolved from the maize, and in oi 
to avoid this unpleasant product the steeping process is sc 
times expediti’d by working at as high a temperature as MU 
— GO'" C., and allowing a continiMms flow of water to ])ass tliro 
the softening tanks. A largi; quantity of matter is thus diss(»l 
and is generally run away as waste. The softened giain is fii 
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<;ioini<l. firnl tin* siMrcli tVoiii tin* rf'sidNiil irliiiiTi :in(l 

woody (ihi-o i>y )in throiiudi si»;vcs, 'I’he stiircli ]):issiiiL; in 

^^11 <]'t'iisioii Jliri>n.L,di sii-vi s is nip into u vru.. allowed lo 

soMlr. ;uid l.r«-att*d wiili rausiir ^oda in diliito solution. Sonio 
of till- ^dutfii is l»y lids nn-an-s ‘iis.MiU <■<!, while anoi In i' port iou 
is |»r'iti|iilati'd, i ho starrh hcinu' tn-od iVoin hol.h hv tho ii.siia! 
j.fo. -I f>r snl-.-iidi-iH-o anil oiiit i-iai ion. Oaro has ro In; taivri 
lo kci-p iho liijidd in thosonliny vans I'oolod, h'.si tcniiom a ! ino 
sol in. 'I'ho .siarch is hnally allowod lo .soU Ic, and is driod in liio 
iiiaiii.'or alroad\ iii(-ni iniiod. 

\ arioii.s .'taroho.s aro pn-parcd tor oalino' fVom s|)(‘(;ial plani', 
sill'll a.s iho arrowroot ( Mu m ni‘> n m inli the root linuw !! as 
CHi-SHVa or manioc, and tho pith of various paints, tlio litiishi d 
pt'i'diioi oT whioh i.'. known sago. Saw for ori-alor oato in 
pii paration, dt ogtiod j'arMtail.'irly (o ohiaiit a wliilo prodiici. tho 
j !• I arai ion of 1 hoso oiiihlo .siaii'iio.', dillor.', in tio I'.sscnLial ro^pool/ 
froiii that- of t Itoso vvliiidi Itavo h-'.-n already doal I with. It has 
ai'O (.••cn propos"d to ntannfiet itre slaridi from ltor-.i'.i'lii'.'i tt it i >. 

'I'ho .sliu’iit iv \ ellow litii of ordinary ',!areh is irmcfail y l.idd"n 
hy the addition o! a siiiall iptanlttv of a hlim eoloiiritiu' iiiaMer, 
sueii as till fatiiaritto. ( ti'easiotta II \ llK'.siareh is ii('eolori''ed liv 
treatinml with olilofine, or a .solution of cliloriiM! in diiiito 
iiitrie tieid. 'I’ll' tt>es of .stareii tit.av he divided into two 
clashes, 'I’he first ifiass in(‘iude.^ all I hoso uses w hieh dojiend 
upon it.-, elteniieal .status as a <‘arholiydrate, 1 he projiarai ion ot 
Mar- h .'.ngar. and tlf eoiisumpt iott of stareh as a food areiiio 
chief o.xaniples of this ida.ss. Tho second main ela.ss of ii'-es to 
uiiieh starch is put, dojicnds upoit the fact tltat, starch pro- 
ducts are pro eminent ly coiloidah tlndr .solut ion.s liavit,;: a liiuh 
vi.scositv ami considerahle adhesiveness. 'Idlest* ipia, lilies aro 
taken advantage of in i In^ dressing of le.xiile matt'rial.-, luid 
in tliiekening eoloiiriiti: inalters lor calico prini.ing. Stareh 
itself is iit(‘apahle of aeliitg as a stiirening or gliititious iiia- 
teri.ah heeanse it is perfei'tly in.-dluhle in watm- or any r>ther 
solvent. When lieali-d with w.ater, how(*ver. t ho stai eh gratiui'-s 
swell and v ield a gelatinous mass known a.s stareh paste. .V 
small (plant ii-y ofsiarcli thus lu'att'd to tin* poinl tU vvhicli tii(‘ 
sw i-liing of tin* granuh*s oecur.s, is capaldt* of forming a coherent 
jellv vvitli a large (|nantity of vvat(*r, tho phenomenon ht'ing 
apparent iy i(h*niical with' that observed in tin* case ot gtdatin. 

Solul’lc Starch. — When stareh is heated with about [x'r 
cent, ot a 1 }>er cent, solution of an organio acid like acetic acid 
at aiioul 120" (’., the granuh'S art* swollen, and a j>artvil livdio 
lysis apprar.s to occur, rendering the starch capable of dis.solVing 
in hot wati‘r to a .Miinlion which does nor gelatinise on coolim.f, 
at all events for a time. Keceiilly it has IxM'ii touini that by 
heaiiiie starch vvitli aliout 10 per cent, of glacial ao(*tic acid at 
about for a short time, the graiii.s do not swell and tiie 
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Btiuvli is not altered in app»‘arance, but beeonies finlulile in lii*: 
water to a sohition wliieli on evaporation lejivC'^ a lilni of staie!: 
resein'Dlini: a L;»‘latin lilm in tr;insparoncy and lle\ii)i''iiy, and 
thus jiartieiilarly suitable, as a Ltlaze insoluble in cold wat('r. 

Dextrin Dextrine {Ilritis/i innu ). — Tli(‘ term dextrin is ap- 
j)lietl somewhat loosely to the oarlier products of the liydrolysi.s 
of stan-h. Tlie su^ar violdod by tin- aetioii of diastasi' on s(a.icli 
is maltose (p. T-M)), ainl at oru' tiuuMlext rin was su})pos(Ml to he a 
sinade. substance, iuterinediaie in ('omp(.)sil ion and cloMuifal loeiis 
l)etweou starch and maltose. It is now, howc'ver, ^eiu'rally (‘oii- 
ee(lt‘(l that dextrin and inalittsi- :ire pnidueed (HUieomit ant iy from 
the liydrolvsis (d' stareh, and that, at least, two dextrins ari' to 
he di.si iiiLtuished ; th' \ art* eharaeteristal hy tludr ladias iour N\ith 
iodine, one ^-iviuLT no < o]oiiralion, while the product of ( he otlit'r 
is red (set' t'urtlier, p. 212). ( 'oiniiKTeiaU* ^’d«*xtrins are not 

classiTu'd in this manner, but are dill’ ntiatetl by their 
laesjieet i\ e. imh Itods of prepatviiioii. 'fin' ^ ; .t iiietluMl of maim- 
fa'. ture consists in roast in^r ,hy staiv i at .a, temperalure 
of 221.)’ to 250’ 0. •12.'' to t.'^2’ h. either over a, direct, 
lire, or, hett(‘r, iji an oil bath, or hy su j»erlieat ed ;;te;i,ni. 
I'vev'olviuLr roasteis ,'o*e often use(|. The ju'oeess is eontiiiiied 
until the starch has ac({uire(i ;i hrownish colour iind htis become 
soluble in wat('r. d’he se< oud method is carried out, l»v moisten- 
ing; the, starch with ahotit 1 per (tent, of bvdnxdiloi'ie or nitric 
leid, and slowly hejit.iuL^ it in o])en dislu's until a temperature, of 
ihout loo'' (t . 212’ h. h.is been reached, and tin* acid lias ln'eii 

evaporated, ddn* .suear ;u*eonij)ajiy ine (lext rin made liy tli(‘ u^e 
of an aeii] is de'xtro,s*e. I)extrin ma<l(; in this manner is liehter 
in eol()iir than that obtained by dina-t roast, ini:, and is thus 
better fitted for certain uses. On tlu' (*tber hand, any residual 
trace, of acid is an objection for many purpose.s. A sp(u i,al 
f^rade of dextrin of li^dit colour, and havin-y the, intuslmauit 
af)})ear;inc(' of yum aral»i« , i.s also manu fact. u red as a suhstituto 
for ii.aiural yum. 

Dextrin i.s chielly employed for pur[)oso.s in which its vis- 
cosity and adhesiveness are of valiu* — e.y., as a yum substitute 
(mentioned above), for .stiU’eniny textile mat(u ials, tor yiviny a 
yloss to paper and eardho.ard, and pn^luciny ;i “liead” on beer 
and aerated liquids. 
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(’nAPTKIl TX. 

BREWING AND DISTILLING. 

I. FERMENTATION. Gonoral Principlcs. -Tlic term fV-r 
liiciitiilioii oriijiiiially nic.-iiil an ripp(‘aran<;(* of l)oilinLr (luf‘ to tin* 
escajn' of ♦'as iVoin a liijuid, IniL it has aopiircd a wivlcr si^- 
nificanco, aii'l incindrs tin; various chciiiivai ciiaii.'fs indiiiaul 
liy ilu* |»n.‘st‘nc<‘ of som(‘ iiitroLr'‘ti'His ori^anic proilun oi- iiiirro- 
or^Miiisin, wliifli is cailt^d a fcrniOIlt. 'Diis class of cln-iniral 
clianu'c is (‘s.-.cnvially characUn isiai hy tin* fad t.liui a very lar,:.' 
amomit, of iiiat.tM'ial is itll’octcd hy an inconsidtu'ablc (jiianiily ol 
till* Icriiicnt... FcriiHoils arc dividfd into two classirs, UJlOl’fjailiscd 
ferments or enzymes ami 0r<,^aiuscd lerrm-nts. 'I'lie forimn- aro 
(li'finiU; chemical compounds, of tlie character of alhniiiinoitls, 
and ar(! not. livin'^ orijanisins ; tin; chan-ics ih(*y prcaliic are 
often cases of liydrolysis, which is also hrought ahont, by .^ucli 
acents as dilute acids 

An instance ol tin* action of an enzyme is alforded l>y tlie 
coiiviM’sion of cam* supu { wlii(.*li rolates tin* jilam* ot polarisat ion 
to tin* rii^lit), by means of the enzynn* ilivertasc, into a mixture 
of de.xtrosi* and la*vulose (whic)i turns the plane of polai-icitioti 
to tlie left), the process heini; accompanioii by tlie assimilation 
ol’ water ]i. l‘J7 

in the cas<‘ of the ori^anist'd fernu'iits, the chane(i jn-odm'cd 
is clostdy connc(‘t(‘d with tin* lih* of the organism, siin't? it c('a.->es 
when the or^oinism no Ioniser multiplies in the fornn'iitinc mass. 
Ib'cenL reseanlie.s render il jirohablc that tin* dinjet causi* of 
the ehangi? i.s an enzyme fornn'd in tin,* living cell, and not. a.s 
was formerly supposed, sonn; .>^trictly biological function, d’hiis 
yeast or saceharoniyecte.s, which i.s a tyjiical example ol' the 
organised ferments, has, he(‘n shown by liuchner to coni.ain an 
enzyme, zymase. Althougli zymase has not yet been oluained 
in tho ])un‘ .state, it may la; (oxiracted from the yi.'ast cells after 
tln‘.se liavt; been d(*liniiely killed, and is then still I'apahle of 
producing alcoholic ferm(*ntati<iii. Tlic ordinary orgTinise*! ler- 
memta arc g(‘in‘rally classiiietl into vioulfh or /nm/i, and 
schizo?n7/cef<’^ or hacterui. 'I'ln* cll'ect of the first of iln'se is 
illustrated by the fermentatioir of alcoliol intir acetic acid in the 
bn'wing of viin*gar, that of tin* s(*cond by the fm’im'iuation of 
milk sugar into lactic acid (v-v.). It must be undcrsiood that 
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the very lar^e variety of orijanised feniK'ntf^ reiul. r-^ it dillii-Mit 
to identify any one species with any pariieiilar fernu;nl.>t ion, 
several bi iin; usually present in any fenneniabb' li«|uid. M .ire- 
over, inasmuch as these niiero.seoj'ie or:.;anisms ean Ik* transmit ted 
in the lloarjin^ dust of the air, a fermenting liquid containinL: a 
single kind speedily becomes contaminated with others, unless 
the air havim^ access to it be tilt<‘red. ( ’ertain organised fer- 
ments llourisii in air and are killed by its exclusion; they are, 
in c(,)nse(|U(*nce, called d'ereZ/b’, while others having tin* reverse 
properties ai’c termed anne.ruhU:.. 'I'his (piestion belongs to tho 
domain of biology rather than to that of ehemistry. 

ir. BEER. Ih'er may be c«tnsidered as a dilutt^ solution of 
alc(diol ami albuminous mat ter, obtaiiu‘d by the action of yeast, on 
sacelisrine mat(‘rial, llavoured by an innocuous bitter principle. 

(A.) RAW MATERIALS. — 1. Amylacoous and Sacohar- 
ino Matter. - 1‘eer was originally made by malting bai hn' and 
termentiiig itsa(jueous extract. 'I’lu* substance in barb'y t;a})able 
of yielding alcatlnd is starch, which, bow<*v(*r, is not. directly 
fermentable, but has to be converted into sugar; this is elVe('ted 
by malting. Wlu'n tliis fact was fully realise!, it l>(‘came eu.s- 
loniary to (*conomi.'.e b.arb^y by substituting sugar from other 
sources. Moreover, inasmuch as more of tin; activ<* principli^ 
(diastase) whidi coinu'rts the starch into sugar, is produced 
dui'ing malting than is necessary for (he. conversion of Llie starch 
in the barley its(*lf, more amylaceous matter may l>e adde.d in 
the form of immalted ltarh*y, and tlnis part «tf tin* exjxuKse of 
malting saved. (.k)nse(juently, bn^wing no longer consists in(*rely 
in fermenting the a<jueous extract of malt. 

Malt. — Kor satisfactory malting a well-deve,lop(;d barley is 
es.seiitial, as only such has a high coritmit of starch, and will g(*r- 
minate well. Good i)arley has tin; following charactcristies : — 
It is light-yellow* in eoloui-, the grains are dry, even in si/jj and 
lias'c thin husks, and it ’s free from ba<;leria and mouhls. 

^falting is gemu-ally carried out as a siqiarat.c^ trade from 
brewing, and con.sists of tlui following jiiain pi’oc(*sses ; — 
(1 ) Steeping. — The barley is slowly l un into a cistern of iron or 
cement tilled with water, wliich must he clean and free from 
(.rganic impurity ; th(5 sound gr.ains sink to the bottom, while 
the. unsound grains (together with dirt and <lust) can be skimmed 
oil' the surface and us(*d as cattle food. Tli<; water i.s changed 
every Involve to twenty-four hours, the process lasting altogetlier 
forty to seventy hour.s. This treatment is sometiuies varied by 
sy.-tematit'jilly exposing the bailey t<; the air, with occasional 
turnTiig over, for several hours between the dillerent treatmeur.s 
with water. Incipient germination appears to take place 
during the ex})osure to air, object of the process is to 

supply sullicient water for the subsecjuent germination. Ere- 
quently the barley, when taken out of steep, is placed in a couch 
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or liofip to k' o[> ill ilir Ii<’;n of ir'-nmniH ion, iiiid thus iiid tho 
j'rccc.ss. ( !') Flooiiiio. — si>-- j)(M| LTi'ain is sj'rciui on I no 
iiiiiitiTii; Hour, wlii.-ii is pri-ror;ili|y (‘onoiinc, to a il(*]ttli oi' r,o 
12 inolii-s, a.-('(»r*lin.: to tin* iminoralMn*, wliidi sliouiii imc 
oxoc(‘(l I L' (./. ■ o| [■’. On ilii-s account, maltiiig is liilli nli, to 
]irai't,i.sf; in the suininer. 

Al'ifr tlif lii-.-i t wioily-rnuf liours ( ln' ^'rain is }»lon_:li( tl, " or 
tnniod n\<-r. ( w ioo a <lav Idr i wk or ilirm days. Wln-n riio 
:i(;r0S|)il'C* or piiininlr of tin; Lrrain lias thrown to a loii;,oli ol'akoiit 
( lilts- (|uari ( rs ol‘ tin* lonudlt "f (lio L'fain itS' If. ilio rooi lot is 
alioiit Lwioo tlio Ifiiotli t>f tli(‘ i^rain. and the Loaiii ii-i lf lias 
ailaiiK'd a {>ro|i<M' <l«‘”-ro(‘ of “ iiM-alirit ss/’ lids [loriioii oi‘ ilio 
pi oot-Ks is oonijiiofod. Diiriti'jf I lii.s ttporat ion, t ho grtiin ki pl 
iiioist hy poriotliial s])riiikliiojs with wali-r. 

An improvtal niothod »)f ni.altiiiLC i-s tliat known as pneumatic 
mailing, inasrnuoli as lioitcr oontrol ovi-r the supply of air ami 
iiioi.sniro to tho j'm’niinai in,Lr i^rain is alfonh-d. On tlio Saladill 
system, wliii'h may l>o taken as ty|»ical, tli(^ slcojiod harloy i" run 
into r(‘<.-l;inL;tdar iron germinating ea.ses with piniorated false 
liotloms, where it is allowed to lie, at .as in ,a eouch. \\ lien it is 
dfsinihlo to (‘heek the hoatiug, .air whidi luis boon Ibiated over 
tylimlors that an* kept, wet is (lriv(‘n umli'r the false bottom. 

< kxYgen is thus sii]»jilie(l to llici gr.ain, ixarbon dioxidt* (a ]irodijet 
of tlx' vital [iroces.se.s) is reiiiovial, and tiie teiiipiavilnn* is regul- 
ated, Subsequently, tlie grain is stirred by im ajis of .agitators. 
NS’lu'n germination has readied tlie proper point, (he grain is 

< lev.ated to tlie malt kiln, (.’b Drying.- TIk* germinat(*il hath*)’ is 
(‘.ailed grcOM mult.and eontiiiiis tlie maximum amount of diastasi*, 
so thiit- if this alone wi>ni needial tlie grain would la* reteiy for the. 
liH'wan’ ; hut a desieeation at a high temperature is ('.ss-ent iai. l-oth 
for Mi‘r(?sting the germinalion and for killing ,afiy mould or fungoid 
growths that nuiy have apjieared, and also for developing ei'ilaiu 
diaiigi‘s whidi impart, Ihivour t.o tin* resulting bei'r. I tried malt 
<‘an also b(‘ stored, .and is mon‘ easily ground than gn'eii malt. 
The t(Mii|>erai lire of the drying kiln (h'teniiines whetlua' t he iiudt 
shall be “ ji.ih-,” “ imaliuni," or “ high-dried,” laidi kind being 
u-ed .'Ka'ording to the dass of bia'r to lie jirodmaal. Dark ln-ei-.s 
sueli as stout are, however, frequently lirewed from j'ah* or 
nualium malr.s, iii<‘ (.’olour being due to the addition o!‘ eai.i- 
ineli.s(‘d sugar. 'I'ln* malt is spread out to a depth of to Id 
indies on the Hoor, whu'li consists of a .serii's of j>ei Aiatial 
oart heuw.aro plat(*s built in a kiln of .stjuaro .section, .and he.ited 
liy a number of baskets of live eoke .suspended IxuK'.alli. The 
eok(‘ us(‘d should be substantially fna* from arsenie, as, if tnis is 
firesent, a portion is subliimal, dejiosited <jn tlie malt, and 
•‘veiit u.illy is found in the hecn*., Faidi kiln may contain sevmvil 
floors, two Ix'ini: a usual number, and the malt is loaded fiisb 
on to the top lloor, wliere it is dried at 120*' F. = ID’ 0. until 
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fdiiip 00 per coTit. of ilir moistiirr is iIkmi (lrop])<*il thvo\iu;li 

(oi td the lo\v(‘r fldnr, wlierr it is dried :it- to I'JO h\ 

to C. ’This applies to paid malts. Medium aud lii_di dri<Ml 
malts ais' thiislidd at *di)v) to K. ■■ It'r id 1 !(• i 1) 

Screening. ’rii(‘ rootlft> of tlu- dri<‘d m.alt are. reiiidVd.i fy 
ia'ini; troihlmi l.y men, and sulistMjueiit ly passed ovim' a “\\ati'r- 
falP malt sereeii, wliieh also removes dust. 'rii(‘ liiiished malt, 
is stori'd ill bins, dm' attention l»eing paid to the of 

moisture. Malt which has ahsorhed water, or l»ei*ome ‘‘shn-k,’' 
yii'id.s an unsatisfa<*torv deer, and is ge.m'r.illy redried heldti' use. 

'I’he chemistry of the produ' tion of c:reen malt re.Sdl\e.s itself 
into the chemistry of germinal ion. d'he jiroximate conslituenis 
of barley are — ( 1 ) Water; (ll) ('arliohydrates,'^ including starch 
as the main constitm'iit (30 to .*»7 per cent), dextrin, a .ami laii 
('J to i per cent.), gum (.‘1 pt'r cent.), cane sugar (I'h ]'er <a‘nt.), 
I'xiractives soluhh' in water, and cellulose, the largest con- 
.st.tuent of tin* woody fibre; (,”») fat; (1) albuminoids, including 
mucediii, fibrin, eastdn, and albumin, together with the h*rim‘nt 
diastase; (n), ash, consisting of the bases potash, soda, lime, 
maeiiesia, terrie o.yide, and the acid-radiele ; of jihosphoric, 
sulpliurii', silieiir acids, and chlorine. The proportion of tliese 
constituents are siiown liy the following analysis of barley, 
b(*.side which is given one of pale malt: — 



1 '.alley. 

Mall 


Per .-eiit. 
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Water 

14 -or) 
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('arhnhydrate.s, . . . . 



Woody lil>rc, 
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Fat, 
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1 (In 

Alhuminoid.s, ..... 

lor.s 


Asli, . . ‘ . 

■JdT 

1 LJaiU 


100 -00 

loo’ld 


Barley for brewing .should bo rich in carhohydratcvs and poor 
in albuminoids, of which a tine malting barley shouhl not contain 
nifire. than 8 to 1) per cent, d’he germination of barley produces 
a ehange in tin* nature of the alhuuiinoids and a <-onse(juent 
change in th(^ carbohydrates. The diastase naturally pri.sent 
in b; 5 ^ley diner.s from that produced from th(^ albuminoids 
during germination in tliat it cannot liquefy starch paste*, but 

* These include oarliohvilratcs of the peiitc.se tyiie-— general forinuia 
r.H, or .some r'ulti|>le of this. These bodies an,; not fermentable by 
NtM-l. and to a large extent remain in the “hrewer’a grains” (7.^.). 
t Mainly starch. , / 

i About one-third of this is fernieiital.'le sugar. 
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it reaombloa th<‘ latter in respect of its power to convert 
starcli, wliicli has hoen already liquefied or rendered 3oliil)le, 
into irj!iltos<‘ and d(‘xtrin. The diastase of malt is thus of two 
kinds, that whicli existed in the harh-y and tliat produceil hy 
L'enrii nation, and it is the j»roduction of the latter whicli is 
th(' ohject of maltint;, for it is able to transforiil thij st.arch 
dinctly into maltose and (lextrin. 'I’he nature of the chaiiLje 
tlnii produci'S this siil)stance is not well understood. 'fin^ 
(|nan(ity producisl is ndatividv small - about 'J jier (imit. — and 
is ni(N‘isur(‘d by tin* ■* diast.atii^ [)ow(‘r” <d‘ a waimw extract i»f 
the ma,lL l>y this term is meant the amount of maltose pro- 
diieed by tlie .action of the m.ih extrset on stareli, this biiii- 
iiir.'isured by tin* l■^‘dMeint^ eifi-is of i he rrsultinL' solution upon 
I'l hlin;' sulution (.in alk.aline solution of enpi ic t.irf rate j. Tim.', 

1 lit' diastat ie power of a malt cxtrael is .'..•li.i lo |ual (o Ii'o 

when (J‘l c.e. of the extract of "JO _:^rms. of m.ill in .’t'K) e.e. ..f 
w.iter i.'onvi'rts suHi(ri(‘nl si.ireh paste info maltose to redine 
'i e.(‘. of Fehlini; solution (Limner’s sl.andanl Diast.ase imiv l»e 
isol.'ited from malt l»y (‘xtraetion with !•' to di) |iei' ci'iit. .alcohol, 
precipitin ion of the clear lilirate alter tin* elapse of eight hours 
with ahsidutf' alcohol, dissolution of tln^ precipitate in water and 
re-precipitation with alcohol. When thus prepared it is a wliiie 
aiiiofjdious substance, not perfectly definite in composition, but. 
coi 1 1 ai n i n g a pprox i mat« ‘I y — 
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Although diastase forms a small quantity of sugar from .stareh 
in the grain itself, yet its ehief action fx'curs in aqueous >oiu- 
tion during mashing (7.0.) The production of “ mealiness ” in 
malt, which has Ixn-n atfributfal to the cliange of the starch, 
lias been shown by IJrown and Morri.s to be due to tin' dis 
appiairanei! of tin* ci'll-walks of tlie .stai’ch grarnile.s. During 
inairing a small portion of the starch i.s compleu ly burnt to 
11. ,0 and ('().„ a rise of temperature resultini;. 

Tin* action of (Iia.st,'ise is weakened by healing lo Gr)" to 70 " ('\ 
— MIL to loS" F., or by separation from the grain by troiitiinuit 
involving precipitation witli alcohol, as described above.. Its 
solutions are ]>artly coagulated at To” C. - I')?” F. (like liiose 
of albumin), and its .activity is diminished. Its pow('r is not, 
howi'ver, wholly removed even by drying at lOO’C. ■ - 12 ’ F, 
Antiseptics, such as many metallic salts and bodies like salicylic 
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acid, .'ilso 'oslrniii it.'; Motion, diastase being similar in tliis ro'.|ii . t 
to orir.inisc 1 i'l-nni-nts. 

Malt Adjuncts. As ha.s been alre.idy mentioned, the 
elb-i-i. i.'. oij‘,.-iinid Ir.ini ilie diasta.se of malt l)y oausinj: ii :■> 
saeoli.irity utii* r ".t.-nrli than that of its }*arent barb'V. Siirli :i! .' 
tie- .starohcs .»} m d.^', rioe, and, tor “wliiti? beer,” wiic.ii. I: is 
iM'trr usn.'il to add ^nirars to the wort in wliioii iiie\ .an- 

fenii(‘:it»‘(l lo'^rtlirr with the maltose of tin* malt. 'I'ln* •'ii-ti.s 
O' iifially emjii'-\ed :irt‘ cane s»io.ir, invert siiitar - whi. ii is m..-* 
l.'ir.o-.y U'-i’d .v:.d beliiied <'ane su^ai' has to he iiivi i ti d 

by I :if yra>t tori' leraient ation, and to a oi'riain <*xtt'iir \\ i .iKoii.H 
tie- V'M.si, l.i VI iiirniL,' I lii* produeMon ot’ lactic acid, so fhn ii i •. 
le c:i'r,ihle t" in\'Tl lie- sugar lirst. t’onccrning the jiioi htci mu 
■ ■f t lies' • "Ugar.s • 'll in. \' I I I. of this volume. 

■J. Hops and Ibtier Prineiplos. t >f these, tlu' Imicr lu in 
cinic i.r imiis )•. I iif rliii-f a, lid only legitimate bit ter use-i iti n. oi , 
lloj.', aro ilit> remah^ tlower of the |»lant, llniiit(li(t< \ iho 

male iliiwors being useless, the jdant bt'aring tlie.m is imi c;:!ii 
vat' O. 'I'll" proximat(^ eonstitin-tits of hops jit"' lihrous ma!t-r 
(wooiiy ilbrej. nitrogt'Jious substances, sugars, ginns, lupuliii m' 
*'h-'|' iiie.ai." tannin, and miner.'il matter. Tlie eotist itiiciiis ilio 
arc of '.iiiportauee for brewing are th<' lupulin ami tannin. ’I’le' 
lorim r is a yellow ; e.duo'i,'-' dust llitit can be .separadal rrom ilm 
imp ilowers by sifting, and cojisis.ts of glands wliieli eoniain lb'- 
'■S'.eniial oils .and bittei* prineiples, sneii as nt.sinons a.k.doid'. 
It i.-' 1 cclitiic.illy Iniown as ‘Mmp llower ’ or “eondilioii. .'iml 
i.s nmloiibtediy the e.ssentially usi'ful portion. In .pianiiiv 
it. ran.'cs from o-.'i to 17’d per cent.., and in the best Imi's 
should approximate to tlie halier numher. 'I’lie essmii ial oi: 
aumuti!'' to O-’JT) to O'.db per e<*ut,, the (juantity dimini 'liing m, 
the .igeiif tlic liop'inert'ases. The aroma of the hop i.s ap|»aretit iv 
'lue t'l these oils. 'Die ehi(;f bittm* principle of the Imp is ilm 
resinitied product of Inpulie ;i,eid. Ijiipulie arid is not in ii';i ;l 
bitter, blit the resins produced by it.s <^xidation have a strong 
liittej- ia.-t<'. 1 his and tlui other resins wiiieh .are pie-^eni .n 

Imps .ipjiear to hav(‘ an antiseplie ac;tion which hinders si-eondarv 
lerni' iital tons, and they are tiius useful in preserving the bi-cr. 

( km.-. iadiig (.!ii‘ alkaloids hut litth* is known ; liojieine, eholi im 
ami !r;ii-i-.s of morphine are .said to !»('. p.o.seiit. The tannin in 
liop.'i vanes Inmi I n to r> per cent. ; it is doubtless useful in the 
<-oj)|ier tor precipitating albuminous matter, d’lie ho|i'. 

alter picking, are. dried in a kiln resembling a malt kiln, ami 
'■•'■'im f'ly -suliihured” by burning 1 to 2 percent, ofsiiiplnir 
111 llie kiln, to blea. h them .should they be of a bad colour. In 
judging such hops allowance rnmst be made for the possible delbet s 
thus e«)nc'‘al(*d, tlie colour ol the hojis being a considerabb' cri- 
terion of their value. Where hops are added to the beer in -;i.sk, 
the sulpliur dioxide i.s liable to become reduced to sulfihurctted 

U 
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hydroiroii, ]iro(lucirij “ .st.tjnrli,'’ 'I’he pnu'Lico of sill plnirin" 
oasil y dotoctod l>y analysis. spririklini; ot flowers ot siiipin 

on llio hops during tindr growth lo destroy ])arasitt‘s is lei 
ohjcotionarvle. 

Hop substiluLes are used for the sake of cheapness. Tho.' 
coiimioidy eiii})h.yed arc gentian, oamoinile, and (piassia. d'iu; 
usi- is illegiiiinaie. 

■k Water. — 'I’he water used both in tlic; j)reparalion of ina 
and in aetual brewing should la; free from coiiiainiiiat ion wit 
organic niatier and from the micro-organisms lliat (M ciir in in 
imia; water. The next most iiuportaiiL con.sideratioii in regar 
to file water is the quantity and nature of tin* mineral matli 
dissolvetl in it. \\ ln“n this consists largi.dv of 'j\]>siim (^ealciiii 
sulphate), the water is well .adapted fur tin' production of pah' ah 
and it is on this aceount that tin burton wal er is famous. 'I'lio.^ 
waters which contain too little gypsum for brewing |»ale ale ar 
suceessfuily applital for the produ’clion of mild ah'. W aters cor 
taining no gypsum, but rich in alkali sulf>hate.s and <Mrbonat(;i 
are adapted for jtrodin'ing black beers. I.'hi' lollowinu;’ aiialvse 
illustrate* tlu'se elifl’ereina's : — 


(Jraiti.- r Callnn. 


I'.ilr Ale. 


Mil.l Air. 


llliu'Ii i;.vr 


40 ‘Jo ! 0 
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'I’lie mild ale type of water is a fairly common om*, so tlia 
such lieers are brt'wad in many district.s. 'I'lie J..on(lon de<‘p-wel 
water is of the third type, and produces good black bi'ers ; bu 
since tho knowledge of the eharacti'ristics necessary in water 
for <lt;fniite beers has been acijuired, the waters of the^seconi 
and third type have been tramsformi'il into waK'rs of the firs 
class by the addition of flu* requisite amount of gVpsirn. 'f 
chang(‘ waters of the third type into tln^.st; of tlie .second, gvjt.suii 
and kainit* are added. To produei? water of the first class froii 
a lU'utral w'ater (one containing no sodium earhonate), it is on)' 

* .-V niinuriil composed of pota.'^sium salpliato, magnesium sulphate, map 
ncsium chloride, and water, frcpieiitly mi.\ed wiiirsodium clilutide. 


MgStq, . 
Vid'ih, . 

Mk( . 
KoStb, . 
i K. 

! Na,c:o3. . 
! Mg’ ’I., . 

, -Nal.'l, 





L>11 

ii“. •'S'^iiry to add culciuin sulpliate to the waii-r (“hin-idiiiNin^' ^, 
Mliirliraii 1)«‘ com cniriitly •■llVrird by l uniiiiii: till' walcr t liriiii„ li 
a uo(i(irii v:i! ju'ovidcd \vii!» a lalsc ami with 

lu:i!|>s ot' i^^ypsuiM, ciuc lu iiiLl ia!o-n thal tljo ;,^y})stim iiiss-'l\ < d i)y 
till w aier siitli b(‘ rci^ular in amount. It fr(M|inM\t ly in ci u'v lo 
add mori' inaL^oicsium .sulphate' and calcium chloride*, in t I'la: iiiiLj 
a water of e*lass three, the alkaline carbonato.s must be* re iii'ocd 
by the additie.m of calcium chlorielc, wiiicli feirms c.ilciiim r.w- 
bonale* and sodium chlorielc. Tine subsrepimt i re-. it 11111,1 i.^ iln* 
.same* as for cla.ss two. 'I'he influe-nce of the* sails eii.s.sei! \ i-ii in a 
water in the brewing proctas.s will be refi-rre il ti) on )>. UU. 

4. Yeast.— This is more conveniently dealt vitli uni'! 'in- 
In-ael of }>rocess('S of bee-r manufactun* (s.-c al'^o /'/■///- -/«/, 'em, 
Vol. II., p. 2U1). 

(Ik) PROCESSES. — 1. Mashing.-- Tin* fust ste-p in the 
preparation eif a beer i.s the [iroduction ed‘ the* li(|Uor to be- fer- 
mented, calk'd the wort. For thi.s purpose* the* m;i!t is fii'-t. 
ground between smoe»th sttad rollers, the oi»je'i;l beiing to ci’ush hut, 
not to pov.der the grain, so that tlni m(*:d may lx* readily .sepa- 
rated from the husk. Tlie ground malt or grist falls from the 
rollers into a grist case, traversing in its passage ti muyin-iic 
separator, which re*mov(*.s pai tides of inm in('i(h*ntidly prese-ut'. 
The gri.st the*n falL into a cylindrical ve.s.se*! set ln>ri/.oni;illy, 
where it meets the waUn- previously he‘at(-d to 1<)<)'’ to 170'' F. 
= 71' to 77“ 0., and is tlmrougldy mixed with the waie*r by 
means of an agitator c<»nsi.sting of a horizontal .shaft carrying 
spokes which just dear tin* walls of the cylin(l(‘r. This a})j)arat u.s 
i.s known as a Steel’s masher. From thi.s vo.s.'.id the malt jias'-uj^ 
to the mash tun, which may he 18 feet in diameter by s re<*t 
deep, and may serve for the masliing of 100 (juart(‘rH malt ; it 
is an oaken vessed provided with a perforated falsi* hoi tom and 
with a vertical shaft actuating arms carrying rakes which ke. p iho 
contents of the tun in motion. Tin* sann* shaft sm ves lo carry 
tlic sparger, W'hich consists of a set of jierforated radiid ai'm.s 
through which water i.s supplied for w^ashini: the m;dt (sparging). 
Th-' mash tun i.s filled with “underlets" for the a(liui.s>ion "f 
w.tii-r hi'iow the fals(* hoti.mi. A number of <lraw-oir ]iipe« are 
dso pru\id(d. When all ilie grist has entered ihe tun, the 
r> si'lin fidiii the Sti*<*rs masher i.s wa.sln*»l into the tun, and iln* 
(emiMTitun* of tin* masli asci'.rtained. Should this he hi'hjw 1 ji)’ 
I'. Go V..I 101 water i.s ini rodjced through tin- underlet tidu iiig 
il to hi'twci-n 1 lu’ to lot) P’. GO” to 6G (k M he lun is co'.i ii d, 
iini tin- ma-i.i allowed to stand for about two hours. Slnmlil llnr 
• (ail'll of die mail l-e ditlicult to liquefy anil saediarifv, a i-cmnd 
mashing i.s made by tin* atImis.sioii of fre.sli wat'cr through tin* 
winlcrlet. The werr is drawn off almo-t eom[ih‘t(*lv, .iml Uie 
oxhauslioii of the malt llnished by sparging with hot wat- r 
thruugli tin- pijics n G-rred to above. This proce."< is coniinin d 
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until tlio .specific. ;:r.'ivit v of tlie wort is 1-00“). According to tlie 
f)r!iciicc of many <.\)n! iiHMital Itn-wcric.s, a port ion of tli(^ malt is 
l)oiK‘(l with waitT and returned to tli(^ mash iiin, this proc(‘ss 
Ix ing twiiM; n'peated, instead of infusing the mall with liot 
water, as (Icscrihed above. Jii another prota'ss, wJiicli is said 
to give good results, the masliing is allowc'd t<; jtroeetsi for some 
time at a lemperatun; of h-V to 70'' C. (IMT to 1*\), and 

tJieii about ?<• per cent, of the whoh^ (juantity i.s removed. Tiiis 
portii'ii is hitih'd for a quarter to half an hour and i.s reiurneil 
to the remaitiitii: lii|ui<l. Tlu‘ mashing is finished at a tempt ra- 
ture ol' 75' to 77 ' C. (H)7'^ to KG'* K). 

In the process of mashing, tin* diasta.se of the malt con v- rl s 
the siarsh into maltose and dextrin. Ina-mu(‘h n.s ordinarv 
st irdi is insoluhlo in wat(M\ it must first lx; remh'red solulm*^ 
her..r(' it can he hvdrolystxl. 'fliis is eHecied hy tin- particular 
rorm of (iia<tas(M’hara(;teri.'»t ic of malt, as di.^tinct from tluit ol‘ 
harl( y. 'I’he .soiuhlr starch is tlnui convert(;d into malto-dcxtliil 
and erytlll'O- ilcxtrill. .Vn (?(piation rtqtresent ing this chanuc 
i.s — 

I ( . II < >11 

, 1 ) . 11.0 . j._, . ii:K;;.ii..,o,„ . 

S'.liii.li' .sjaii li. .M:illu-lv.\lriii. Lia I r;:.. 


The next action is the hydrolysis of malto dextrin into malto.se - 


pi) (C,.!! ,tL; 

1 •-’(•,..11., 
M;ill<»-ilr\t rill. 


‘Jii.o :u ji. 


Th<‘ e!-yt hro dexi rin umhu’iroes a chanu'c hy assimilai ion ot \\Ml.,'r 
into malto. dext rin and tlclll’OO-dcxtnil 


(;{) •i(;5C,di,..o,„) !■ nj) ‘ 

Li.Mlir * ilt-xlriii.* .M itn-i' xoin.l .tflin... liiMiin.' 

'I’he m.alto dext rin is converted into ma'to.st' as in equal ion (ll). 
'I’ln iii‘hroo-dex t rin is further converted into malfo-de.xi rin hy 
the aNsiinilat ion of watt'r, and this in turn into mallow*. 'I'lie 
linal product under ordinary conditions of masliing. ajijieai- to 
lie maltose and an achroo dextrin, oC. . I le.vs eomj»le.\ in 

grouping than that prc<luee(l in the earlier .-'t. ages. 'I he jirecisi* 
r(.'aetions oeciirriiiL; du.ring ni.ashing arc* regui iKal hy tht' tem- 
jXM'ature pn'vading and the r.ipiility with whii'h thi‘ temperature 
IS rai.'.ed. As so.m as (h<‘ teinperat un' rises to 110 ' K. / l»i> (y, 
the aelion of the di.astast' hegins lo l»e elu'ekf'd, and this rcsii ie 
tion means that much of the malto-dextrin sutler.^ no further 

‘ Krvthro.«l(‘xti-iii and ;u'lin)o di-M rin arc .<0 i ailed iu'causi' tlieygivi- red 
aii^ culowrli'ss proilact.s respeaU ively wlxai Ii-Mtial with iodiix.x J’rior 
assi.,ris to achroo-dext ria the foriu.ila "JtCy.JLit 

■ 'I'his (roiniKMii ion nm-t he taken only as repre.sea'l.n ive of the (‘l.ass of 
hodic.s known as malto dexirins, as their exact eumpo.'^ition varies with Llio 
conditions of formatiou. 
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alteration. Such as rcnnaiiis is no*, din'ctly fiTinc'nlcd liy tlie 
ytasl in the r.-ninnitin^ vai ( 7 ./-.), I>ui .siillcrs fcriiK'nial ion in 
tlit^ cask, |ir(i(lucini: li(‘iH‘tici;d cMrcts on lli(' l»ecr. Tin* ju-'jii.r- 
tioii ()l staicli Cdiivci'K'd into maltnsf is alioiil ioiir-firth.s of the 
whol<i, tlic n-'i iiriiig proscul as ttcxlrin. 

Boiling. — Tlie wort, cleared by running through the s[i(Mit 
malt (brewer’s grains), flows from tlie mash tun eitlier dirt ci iv 
into tile copper, or into an intermediate ves.sel {“ undcrlrick "j, 
in wiiich, Intwever, it must not remain long enough foi- iis tem- 
pf'rature to fall appreciably. Wiiile the copper is Isdii;.: Illlcil 
tli(‘ fines are lighted, so that the temperatun' may hi' krpt up, 
and the hops are added in proportion, varying from 10 to L’O lb'!. 
p(*r quarter of malt in the wort., aceording to tln' eliaradn- of 
heer to be produeed, ami if any other saccharim' matii-r iiian 
malt is to be addl'd it is also introduced at tliis stage. 'I’hi* imps 
fire added pari passu with tlie malt, a iinal dose being '.immrally 
applii'd just Ixtfon* tlie completion of the boiling, so that t he whoio 
of' the aroma is not lost by evaporation. The hoiliiiL: usually 
lasts from two to tlin-e hours, and during the process all di.'ihtatic 
action is stopped, and a large proportion of soluble alhuminoidH 
beenmes coagulated tind precipitated. The proportion of imiiio.so 
and dextrin in the wort is determined by ascertaining I be specific 
rotatory power by the polarimeter*at various stage.s of the 1 mi ling, 
d he wort is generally boih'd on an ojien fire, hut KometiiiK''; hv 
closed steam, which must he of high pressure to give a sullicicnt 
temperature to boil thoroughly, and to sterilise tlie wort in oi-dcr 
that the hijer may be sound. 

3. Cooling. — The wort fiom the coppers is run into “ Imp- 
backs,” in whicli it is drained from the exhausted Imps, timse 
being afterwards sparged to remove the adlu'ring worl. h is 
then cooled by exposure to a good drauglit in shallow taiik.s 
(coolers), and then passed over vertical refrigcratoi’s, con'^isiing 
of copper pipes through which water is circulated. In imd inary 
English practice (he temperatun' has to Ixi reduced to “)<’ 1,. r.t'i 
F. ------14" to 16“ C. in the cour.se of six hours fur the whole of 

one brewing. Cold spring or well water aulfices for this. In 
Germany, wliere bottom fermentation {(pv.) is in vogue, the tem- 
perature is lowered to 5“ 0.-41“ F., and for this purpose tho 
lower parts of the refrigerators are filled with wni-f. the 
temperature ol which has been reduced to near 0“ C. - ilil I ', by 
means of freezing machines. The advisability of this exlreiim 
cooling has lately been questioned, .since it enables wild lv})es 
of yeast to flourish more readily. During cooling not onlv i.s 
"^he temperature lowered to the point suitable for fenueiila- 
tiori, but the wort is also aerated, and a certain aiimiinT of 
albuminous matter (known as “cooler grounds”) dcposiii'd. 

^ For the construction and use of the instrument, see Allen’s < Pnina rrial 
Organic Analyms, iSffS, vol, i., pp. ‘2or}. 
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^\ liiio th(‘ hot wort is cooliii;^ in tlio coolers— as distinct from 
the refrig(‘r:ilor.s - -the oxygen which is tak(;ii up cli(!iuic;illy 
changes soun* of tie; resins from iln; Imps, causing tliein to 
coat'ulate into particles wliich sink readily and thus (mitv down 
sus{>ended matter, clarifying the wort. On tin; n'tVigerators the 
air i.- di.ssolvrd ami servt's for tlie resftiralion of lhi‘' yeast in tlM> 
Kul»s(«|ti('nt fi-rmentalion. Th<^ infection of the wort, with Wa.-teria 
jind wihl type's of yeast, flerive'd from the lloat.ing mail err in liie 
:iir, during c<»oling, is to Ik* avoided as inturh as j)ossil)le. and it 
li.-is hen propos*'d to snp|)ly sterilised air to liu 5 refriin'rat iiiLj 
rooms. The avera-^o' composition of rhi^ air dried solid matt('r 
in wort trom mediitm dri»'d malt, may Ih; taketi as r<-pr('Seni(;d 
hy tln' following fignrt's : — 


Malto.M- 

oT'ol 

I><\lrin, ...... 

. Il'i-J 

h.'K'! ie •e•i<l, 

(idi; 

S.ilui)|.‘ aii.inniiK.i.l.^, .... 


(.’olouring ni.itlcr, a.'li, iVe., 

1 ■ I'.i 

Total dry .solids, 

Ttl'OT 


'!'h(' inlluene«‘ (»f the water used for mashiiiL: and Ijoiling 
i.s v(iry con.sidt'rahle. T'lio ealeiuin and magnc'sinm earl)onaiea 
in lint water are. to a, ct'itain extt'nt, thrown out of solution 
during tin* preliminary iieat ing, and, rt'imiining in snsjimision, 
neutndist' sundry or”ani<; aeids tsm-h as hntiie) whieh art' jirt'st'nt 
in tht' tmdt. 'I’ln' prest'iuc ttf ealeitnn snlphiiu' i.s htMielicittl in 
cansing flie precijtiljito t>f alhnininous matter wliich is pn)ihie-'d 
during boiling, to take ti iloeculent insit'ad of ;i ptdveruh'nl form, 
.and therol)y to he imua^ easily sep.arahle. 'I’lio ohjection to alkali 
carlxuiatos in ti waK'r for mild or pale ah' is thiit injuriitus 
nitrogenous matters are liahh* to ht' dissolvtul hy t.ht'ir aid. 
Much colouring m.ai ter is t'Xlraeted from tht' malt hy alkaline 
w'aters, .and tliis is tlie nui.son of their use for hlaek ht'tu-. 

Certain excessively hitter resin.s from the hops are aisit ex- 
tracted by alkalintt watt'rs. Sodium eldoride is ti vt'ry l)t;nidici;d 
eonstitiu'iit of a l)rewin.r w.ater, (‘xeri'ising an anii.sept,ic action 
during fenmmfatioii, and influencing tlie fltivour of the finished 
product. 

I. Formontation cf the Wort.— Tht; cooled wort is run into 
fermenting tuns,^ winch art; large wooden vats ])rovidt;ti with 
coils of pipes ( attemperators) ilratugh which either v'lrnied t)r 
cooled water may l>e circulated to regulate tin; tom])t;rature of 
tin; wort. Wlien a portion of the wort ha.s ht'cn run in, the 
yeast is added, in tht; projtortion of 1 tt) i Ih.s. jx'r barrel of wort, 

* Owing to excise, regulations in this eounlry, I lie wort i.s lirsl reiM'ivivl 
in a ('olUietin^ vesa'l until tlie volume and sia'i/ilio gravity luivo 'oeoii 
asicertaiued hy an excise ollicer. 
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tlie qii.'uitily (loppudin:; upon the quality o!" liccr to he l.r»‘\vnl 
filroni; iiOi'diiiL: iuo>i prur<‘.-s is known ns 

‘‘pitching' ’ tli(,> wiuL. Tlir i-oi of tin* wort is tlnni run in, ami 
tlic TenipcnUuro (wliirh t(» lM*L:in wit It dl* ■ lii (’.) allow rd 
to ri>o l.y tin* jKt ion of tho yoa.st to alioui 70 !■'. ’J I <'..w!.iih 
it 'dnnild attain at tho rat«‘ of nhont 1 I*’, in <i linurs. 'riiis ial(‘ 

niimi i.r niaintaimil hy tiio uso i»l' tin- at liuiipoi'iitors. 'I'in' 
suilaccot tin* wort duriiiu' f< rnniit at ion iHcoim s *a»vir('<l witli a 
iro’Ji Hi*' isi in^f of \(*ast, in “ toj> foriin-nlation ' ai-t'ordinu' to 
.lni.ri:^li jifai-t i'-o, blown up with oarlioii <iio\ido. Tin- appca rain -* 
ami motion of tin* troth snrvo tin* lir<*wi*r as an index of tin* 
pfooiess oj' th'* h'laneiila ! ion. .\s the eonxet^ion of the maltose 
into an*oliol and earlmn dioxide* prorei-ds. thi* speeilie oravit v of 
tin* iitjui'f I'all.s, and tl.e wort i.s .-ai>i to ‘-attentialn. " When (im 
id'ove-iiient i( uied lemperal ure (T** I*’.) lias been rea(*ln*d. the 

iitiitiuaiion wiil oetierailv he ai>oui •■ne half i.i'., a. wort of 
sp(‘rim; ofavily l•('.‘l^l w ill liaxe become a.i t<*nuated lo bO’jd. 
'I In* clo.sc''! .■tM«*nt!on on tin- part <d’ the brewer i^ rei|uired 
durino tin' process of term(*ntai ion, lem])erature and -]»eeiiie 
^nix ity 1; ixiiiu' to be carefully noted, rermentation is '.generally 
coninlete in two or three da\s. In uiakini: In^jrr hOfr aci.'otdinur 
to (ieriaaii practici', “bottom l(‘rnienialioii ’ is (‘inploutd, tlie 
name implxin^ tiiat the \(‘ast grows ,'it tin' boilom 4d‘ ti.<^ 

!*r:iicnt ing Lun. ’'or tin' pr(*p(*r <*xecution of ibis proce.xs. a 

tcmperaturt'. of .V' to »> < • lb’ to -I'i' b. shouid not, b-i 

i*.\ct*edcd. on which account, the fi'inn'ntat ion i.s either con- 
dm It'd in <*(*lhirs or in ro«ims artiliclaiiy cooled, xvherebv tin.' 
niantilacture can bt.* contit,ued ihrouglnuit the xa-jir. 

'fin* general jirimiples of f«*rmenlat ion have b(*(*n tdieady 
explaitied (j). LMJI). The <,*onv«*rsion of sttg.ar into tdcoin)! is 

etieeted by the ferment c(»ntained in the ceil.s 4)1' tin; S<tf<'}ntro- 
The be.st- known of thi'St' are those coin[)osing tln^ 
u.stially (’oinj)lex mixture ealieil yf’oxt. and the fx rr fi/anf, 

which lias r'*cently bt't'ii slniwn by .M,ar.sh:dl W.ard t)) lx* a 
symbiotic association of a yeast and a bm-ti-j-ium. The alcoholic 
lermeiit at ion induced bv this phint sipp4*ars to la* tin* wutrk of 
the yt*:\st, but this i.s ai4h‘d by tin* biicii-rium, the former bt'ing 
eiiabieil to carry tin* h-rimtita; i4)n ftirther by retison of the 
icmo\al of inhibiting jir4)duct.s by tin* bacl«*riiir>i. Tin* aid thus 
all’or(i<*d is what is impli(>4| by the term syiubiosia, for all yt'astn 
are ultimately killed by their 4)wn products. Yeasts are . single- 
ceiled v%'getabl(‘ orgatdsms, w’liich multiply I'itln'r by bmhliiig 
(gemmation) or fission (formation of ctacosj/oreH ; (,‘nd4)g4*nous 
division). Of these tw'o methods of reproduction that by g(.*mma- 
tion appears to be normal ; if nourishment be scanty, ascosp'on's 
are formed. Like other plants, yeast must bt^ jirovided with tin* 
mineral matter constituting its ash. This is f4)iind in sulllcient 
quantity in ordinary wort, in which is a pr4)portion of the miin'i cd 
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fonstituonts of the barley \vlienc<i it is derived. Tlie wort also 
c(»ntaiiis much sufxar and .some nilroi^ejious iiiaitCM’, and is a 
suitable nu'dium for the rapid ^o’owih of l:li(i y(‘ast. Tin- eom- 
p(jsitior» (►f y(^'ist (bottom yea.st ; is shown by the following 
analvsis ; — 


CcIhiloM' and iinicila;.'(.‘, . 
Alhiiiiiineid.s, .... 

,, solnl>l<.‘ in alc<diol, 
l'i‘|ilnius, .... 

Ih.r, ..... 
l Atrautivo inatti r.s (Kan in, given' 
Ash, . . . . 


io 

;h; 


IcO 


Th(‘s<* r< sults nder to th(i dri<‘d nial'-rial. 

I'roh yeast contains from 10 to SO [xt (amt. of water. 'I’he 
composition of (.h(^ ash ditVers slightly, according a.s the yt^ast is 
for top or Inittom hu’iucnlalioii. 


•rnj.. 


K.O, . 

;is-8 


(id). . 

1 V i 

■I-:; 

MgO, . . 

(hi) j 

.s-l 

P.O-., . 


51) -4 ! 

Si<‘,, . 

Tnu*i‘ 1 

« 1 

^1 

ferment, zymas(‘, 

of the yeast which 

apjaairs to 


b(? 

present in gn^atesl <iuaiitity just Ixdbre the yciast stops grow- 
ing, eonv(U’t.s sugar into ahmhol in the Cidl ir.S(‘lf, after the 
sugar has b(*en invertcnl by tin? ilivertase also preseuit in yeast. 
This invertaso is a solubhi enzyme s<'er('ied by the y(‘ast, and 
elleets the (diang(i known a.s “ iiiveision,” rep!-osenl(‘(l by the 
first (siuation. The main reaction may he re[)resenie(l thus: — 


(1) r,di,.A, 


(•21 






(',11 


l.iCMlI'iSL*. 


liivoi't Slicin'. 


‘JCO.,. 


Whatever sugar is usi'd by tin* yeast it is lirst converted 
into (le.vtrose and another sugtir of tin; same .series. Thus, 
cane sugar, of wliieli malto.se is au isomerith;, b(?coin('s converted 
into dextrose and la?vulos(j, and milk sugar into de.xirose and 
galactose, both these ])rodu(;‘ts are K'ninuiied, but the dextroses 
undergoes the cliange more raf)idiy. The (juantity ot sugar 
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which tho yeast will ferment is independent ui the nri^innl 
nature of the su^ar— that is to say, the organism is umI, 
impoverished in fermentative capacity hy ha\iiig to inviMti 
the sugar. The fermentation is invariably accompani<'d by 
the formation of secondary products, chitT among which 
are glycerin and succinic acid. 100 parts of cane .^iigar 
yield 105'3C of invert sugar, and are lernifiiled to the f<ii!iiv\iiig 
products : — 

I*. : . ! i.i. 


Alcohol, .... 

51 11 

CO., 


Succinic acid, 

()'(i7 

Olyccrin, .... 


Cellulose, fat, ite. , 

1 OU 


io.'r::o 


The simplest equation repr(‘S('nting the production of the bye- 
products is — 

^TgIIjjOg + 311^0 - + (K'.-tlfOhj I 'JOtb t 0. 

Su( riiiic ariil. 

'file oxygen serves for the res})iration of the yeast. It appears 
that tli(! purer the yeast the lower the ju’oportion of bye jnod acts 
formed, but they are m.'ver ab.Simt. d’he formation of alcohols 
higher in tlie series than ethyl alcohol — collectively biiown as 
fused oil — (x'curs to soring exOmt in the ferimmtation of wort, 
but it is doubtful whether they are the products of tin* action 
of ])ure yeast [Saccluiroinijcea cererisi(ft) or of adv(uititioU3 
varietic's. 

For the most rapid propagation of yeast certain conditions must 
prevail —e.g., the percentage of sugar in the nutriemt Ii({uid sliould 
lie Itetween 2 and 4, and the temperature must range IxitwuMui 2;“)“ 
and .‘ICC. 77" to 80° F. ; should the percentagijof sugar exceed 
85, or the temperatur- rise above 85° 0. 95" F., or fall below 

0° C. — 82° F., the growth of the yeast will be arrested ; the 
carbon dioxide evolved also serves to some ext(‘nt as a re.tarding 
agent. When the percentage of alcohol in the fermented liquor 
exceeds 20, the growth of the yeast is also inhibited. 1 n perfectly 
])Urf‘ sugar (free from nitrogenous matter and ash), the yeast 
will only grow by feeding on the nutrient matter it already 
contains. Saccharomyces cerevisim exists in two forms, that 
charact^istic of top fermentation, already described, and that 
producing a bottom fermentation, used for lager beer, which is 
now brewed to some extent in this country as well as in 
Germany. Bottom yeast consists of round or oval cells, 8 to 
9 /X* in diameter, which are slightly smaller and less aggregated 
and branched than top yeast. Its mode of reproduction is 
* \ o’o ff nun. 
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however, similar. It is active at 1“ to 10" C, 3ri’ to oO" F., 
and (lurin^^ the fermonialion it collerls at the bottom of Uie tiin. 
I»('ror(* modro-n bn'wini; inelliotlH, restiii;^^ on a knowh iIl^o of 
clieinicMil and bioloirit'al j>rin(‘ij>l<‘M, ‘^ein'rally adopiMl, 

brewi-rs' yeast was a mixture of various saecharomyceli-s uiih 
moulds an i baet.eriu, ;i.ml tin; (‘(otrse of tin; fernn'niation, and 
tiierefon; I lie tjuality of the jiroduet, were largely a mailer of 
tdianre. Nowadays:, (lie ne(;d for fairly pure yeasl; is reeo_Miised. 
and mi<‘ro.<ei(pi<‘al examination is use<l to judire ol' its ijualil v. 
'The ceils sliould be of uniform size, plump, transparent , and wit !i- 
ont a Lrraniiia'ed aj*pea.ranee, l)ea<l cells and nul like or'iani'^in s 
( r»v'f' ri>i ) slionld be absent. The yeast- is rnoer enlirely tV "- 
Iroin il:e laiier, but certain standards are laid dowii,'"’ In lmii<. 
llie yea^i should have a rich cream colour and a clean sweic 
simdl. .V more systematic method consists in [uepai’inj pni ' 
cull iv.at ions of y(;;isl.. Tin; pidneiple upon wliieli i his deptinU i; 
tin* approximate isolation of the or:;anisni lo bi’ enliivaac'l fiom 
acciiniji'invincf i^rowths, in a. llask of nutrienl. rnpiid wliieli i,,is 
bi'eu ]ire\iousIy st'-rilised by boilinir. \\ In-n a microsciipii-.d 
exaininaiion of tin; yeast, in ('acli enlti\aiion mad(‘, shows iha: 
tln‘ (dau'aeici’ist i(‘s of c./v e/.-i/,/ prt'domi tiai e in any 

one of I Imin, i he irrowt h of that cult iva' ion is fni'lher eneoura-jid 
in on’ier to obtain a pure yeast for brewing. On a lar^i' scale 
pur*' veast is .'ow n in sterilised wort, tie- process bein;j; carried ott: 
in steriiisi-d eoppm- ves^i'ls, a<*eess of air to which can only tak<‘ 
])iace tliron,i:h lilters ot’ ecui'm wool to t'xelude lierm-'. and liiC 
^M-owth of jmre yeast, tints olitained is used to fermmn tie- bc'T 
iiithetuns. 'I’liis plan is not praeti-^ed in this country, owin.^ 
to Mx<*ist‘ (lillicalties, but it. is em}*!oyed abroad, notably in 
Oormany. At Copenbaircn, also, the dillortmt kinds of yea^^- 
iire extensivtdy cultivated, and supplied to bn-wers as jiure 
cultures. 

r>. Cleansing of tho Boor.- Wiieti tie- wort, has rea«liefi the 
pi-uper atlennaliott, th<‘ hc'er has t,o be fna-d from yeast. This is 
done bv sevt'ral m(‘t liods, of wliieli the chief are — (1 . the '-uni' > 11 " 
ne'tlioil, (2) thi* skimming” system, atid ■ ,■>) tin; “.stom* sipiare" 
system. 

*{lr The union method is an iin]»n)vem('nt on the oKl Londoti 
cask tnelhod, which is used for bc'ers that are to Ix' consumed 
shortly after hr(;wing. It consists ii\ running the bem- wiiii tie- 
veast into casks or “unions” holding d barrels api**ce. and liile.l 
with atlempi-rators and a swan-neclv pipe, opening over ■ trough 
common to a set, of casks. Tim Ixa-r is run into the “h-i'ding- 
back ” and thence into t he casks, wIum’c the fermentation eon- 
tiiuie.s, and the yeast rises, separates, uiul Hows ovi^r tlirough the 
])ipe into the trough, Tlie beer accompanying it is separated 

* Tor <lelailcd account .see A 'hxt hti<.k of I he Sc'^rnce of lireiriii'j, hy 
Moritz and .Morrus. 
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Hinl returned to the Itjeding-back. After the lernit'ni.il ion i.s 
completed and the: yivisfc ceases to How over, llic pipes :irf 
remov('(l from tl»e casks, and these an* bunued up ami allowed 
to settle. Among the* advantages of this s\>-!i-iii ar.- the 
exclusion t)f air during cleansing, tin* thorough sej.ai-at inn of 
veast duetto the moderate si/e and .shallowness of iln- vessels, 
and the fact that wheia* it is practised the use of al ! fiiip.-raiors 
in the fermenting tuns is not essent ial, tin* heer h«*iiig run into 
the unions as sotin as it has reached a temp<'rature (*f 7i> k. 

‘Jl" (\ (’J) Tln^ skimming systi'in consists in running the hr( r 

witli the yi'ast into a “ skimming-haek.” whii'h is a lai-go wooden 
tank provi{h'<l with atti'inperators and titti'd with l.irgt* funnels 
of tinned copper (“ ]>arachutes ’’), tin* mouths of which aro on a 
level with tln^ surface of tin* rnpdd. 'I’ln* y(‘ast is skimmed horn 
the surface l)y ;i hoard into tln*se funin'ls, ;ind is lims removed, 
(d) 'rin* stone-S(|uare syst(*m consists in ha\ing two stom* or 
sl:ito vess('ls, one ah(»ve the other, communi<*ating hy im an^ of a 
manhole, whitdi is pi*ovi<h*d with a collar about t) im-ln-s high. 
'I'lo'ie is also a valve l)i*tween the two vessels. I he lonm'nting 
v’ort is run into the lower vessel, and is pumpi-d ai inier\;ds 
into the uppcT om* until the I’ight attcnuatit)n is reaehi'd ; at liio 
last return tin* yeast will colk^ct in the, upper vessel, iieing 
prevented from r<*aehing tlie lowe.r one hy the c(dlar round the 
manhole. Tin* yi'ast colh'cted hy any of these imuhods i.s 
vva^^ln'd, and tin* sui’plus ahovi^ that reijuired tor lie* ne\t 
“ [litehing ” is pressed and sr)ld, ia,i'g(*dy to distillei’s (si‘e .Spo'//, 
Vol. Ik. p. 22f>). d’ln^ yeast for |)itehing is used again as >oon 
as possilih*, and in the intm’val should he k(;pt co<d :ind dry. 

Racking and Finishing Processes.— Tin* eh ansed l)e(*r 
is (»cc'asionally run dir(;etly into cask, Imt the heller plan is to 
employ a ‘‘.settling” or “racking hack.” In thi.s vessel the 
remaining suspend(*d matter i.s deposited, and tin* hi'er may 1x5 
here treated with a “priming” of sugar -which alfords matc'rial 
for siihscipient fermentation in the cask, and acts as a swei'iening 
agent —he coloured with caramel (hurnt sugar), and \)v. pi e.-siM’ved 
with antiseptic.s such as l)isulphit(‘s, salicylic acid, sodium lluor- 
ide, etc. After the beer has l)een in the racking back for sevei'al 
liours, it is drawn oil’ into tradi'; casks, if for immediatir con- 
sum})tioij, or into storage casks or vats. In the former esse it, is 
clarified by the addition of “ finings '” — j.c., isinglas.s dissolvr-d in 
(liluti; sulphurous acid.* The isinglass forms a pr(,*cipitat(5 with 
th(* tafcnin of the beer, and in settling carries down .susp(‘nd>*d 
mattei. The clarification of beer is .sometimes aid' d Ijy liltration 
through wood shavings ; for the.se it has lately been projio.Mid 
to suTistitute shavings of aluminium. 

Beer in cask undergoes a secondary fermentation at t.lie 
expense of resicjual m alto-dextrin, and is thus aerated and 
* The practice of using sour beer as a solvent is to be <• uid ■iimcd. 
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kept in good condition. '1‘ho (ini.sli(‘(l l)f;er is liable to various 
(iisc.'is(‘s. th(‘ cliiefof wliidi am aortic fcrnienlation indiucd by 
Ilni'tirluiii ac.di (.see Vhio.tjar, Vol. II., p. wbicli rrudois 

thr luafr sour, ii.s action bt'ing lavouretl by accc.ss of air, and 
“ropy Icrmcntatitjn,” jtrobaldy du(; to the action of Jiaci/his 
visrosius. Sucii dtdects ar<‘ Jargtdy producrd by inipiinJ y(*asr, and 
contamination of tin* by forriLot micro organisms ; ;be.se 

c;ui.S(‘S arc av<»idr<l l)y perfect clcanlim'ss and tlie us(', of purc 
cultivaiion of yrast. (iJartiliil atttmtion to tin* (piality of wattT 
employed .and prop(*r tn^aimcnt of the wort are also re(jui.site. 
Details of such matters must lx; looktal for in rnonograplis on 
tin; subject. The following analyses illusiratt; tli(‘ composition 
of typical samphrs of beer : - 
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evolved, ami imparts lo tin* bt-rr its cli.arartrrisl ir rilcrvcsi-oiua' ; 
at the .saiiK* tinu* it .s((rv<-s to e.xclmir air I'rom th(‘ ca.->k. In 
ortirr to maintain tlnse conditions, lurr is (.lien kept umhu’ 
prcssuiw* from a r(‘srrvoir ol li<|ui<l carbon dio.xiib*, whicli also 
.sei’vr.s instead of a jmmp to r.-ii.''(' tli<; liet'r tVom tlie c(‘Ilar for 
(i isi ribut ion. .Mucii c;irbon (lit>xid<‘ is now r(‘Covere(l Irom tlie 
lermenl iiiL: tuns, li([Uclied by pre.ssure, and u><‘(l tor tlii.s and 
Ollier pur}»os(‘s. 

III. WINE. — Wim* is an alcoholic licpior made by the 
fermentation of grajx' juie(‘. Tin; .successinl cultivation of 
grapes tor \vin(‘ production can only be elleiU.t'd in elimatt'S 
wliere the full proportion of sugar in the fruit can he obtained. 
Further, it M])pear.s that each country has a tyjx' o}‘ vine 
ud.ijited for growth in it, and that vines do not lloiirisli in 
n region otluu- than that in which they originate. Tlie gr.ape 
is better adapt(;d than any ollu'r fruit for the produ(‘ti,.n of 
win(‘. hecHUsc* of tin* large content of sugar dn lh(‘ juice and 
the fact that a. considerable proportion of tin' acid sep:irai(*.s 
as potassium bitartratt; afl(T ferimmiation. The grapi* con- 
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tains 05 to 97 ]ipr confc. of juic«', wliioli is a solution of sn-ai-, 
organic acids, albiiniinous niatt(‘r, ininoral ni.utf'r, and (‘.vfiac- 
tivc matter. The following ligures (.\f u‘ aiifj ) iilusirati' ilie 
proportion of these Cf)nstitu<‘iiis in grapes oi select(‘(l and of 
second qiniiity : — 
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free acid to sigar i.-. large, deenaising as i,he ripening pro- 
ceeds. In unripo grap('s, whieli are still sour, ilds ratio may lx*, 
as high as I ; lO, and malic aci<l is present, being «diminfde(l as 
the grapes become ripe, while tartari(; acid is not d('stroyed, but 
goes to form potassium bitartrate. The grapes must, not be 
allowed to become over ripe before being gatlu'nxl, as they lose 
sugar l>y oxidation and arc liabh; to lx* attacked by low growtJis, 
like moulds. (Certain growths, however, though nourislunl at 
tbe exjx'usc.of the sugar, aia^ not alt«>g(‘t,h(*r harmful, as their 
life-})r(xlucts impart an agrei'able l)ou(juet, to tin' wim*. Grapes 
are liable to various diseases in all p(*riods of their growtli, the 
most fatal of which an* known as “ oidium ” and “ j)}iyllo.K(!ra,” 
These are combated by dn'ssing the vim*.s with various antis»‘]»i,ic 
comjioiinds, sueh as sulphur and coppc-r salts. The famous 
“ Ixucleaux mixture” consists of eo}»pe.r sulphate and lime. 
The grcpes are gath(;red, and if for ic.d wine are picked I nun 
the stalks, because the stiilks contain luych tannin ; this would 
be extracted during fermentation, wdiicli, for tiu! sake of the red 
colour, %s conducted in eontg,ct with the skins, “marc.’' J'^or 
white wines the juice is at once separated from the marc and 
stalks, thus avoiding separate picking. 'I he juice is extiacted 
in a i^ess, or by passage through grooved rollers, care being 
taken not to bruise the seeds and stalks, A furtlnu’ quantity 
of j idee is obtained by a second •pressing. The perce ntage of 
juice (“must”) is about 95 per cent, if the stalks have been 
removed, and 70 per cent, if they remain. 



222 


IIKKWINO AM) DlSTMJ.INf;. 


of tli«* tiinst is ailownl to occur spou- 
tiiucouslv, and is cUccicd mainly l>y the yeast nariird Suri-hnii)- 
myas TIk' reason wliy ilie Sjxan aneous feriii(Mita:.:ou 

is carried ont l)y this pan i*ailar <irLcanism is that tin- lerinent. 
is widely di.-'triijutod itt wiin- - _:Lrrowiii‘j counti’ic'ST ainl that 
it j^i'ows (aspecialiy liaa-ly in must, inonopoli-iiig the nutrient 
in.m'-r and starvinu: out otiier orLMnisnis. 'I'lie fenin-ntai ion is 
caiTietl out in barrels for white; wiin-s -tin; i»un<,^ In/le h'-ino IcJt 
open and in opem vats (dr red wiin s. Toj) Idrinent at ion and 
hoit-om (enm-ntation ari- praeti-^e; 1, as lV)r beer, 'I'lu- Idi-niei' is 
the connuoner, and i'^ pea-ldriin'd at a tenijeeiat are ol‘ Id to Jd' 
dll' to 77 1’’.. tin- latter, eliielly used tor llhin" wint'-^, 

re<|uiriie^ a teiupe-raf ure not (‘\C(‘edin;j |d'' (l. (10' \'. A I'airiv 

hi‘_di t<'nip(;ra.lure >; </., ‘i7’ < l'\- lavoiirs tin* prodiieiiou 
<•1' a wine in which tin; sugar is not coinj)l<M ely eon\e)-iod, ainl 
which is, thereddre, sweet and poor in alcohol, but with a Ltood 
ll.ivour. 'I'he main lermeniation is compleK* in (hnte to rourtei-n 
<iays, when tin- yeast (alls to the bottom; tin.; wiin' is tlnoi 
raehed into ch;aji cssks. Tin; “young wine” thus obTairnal 
uinh-rgoes a i’urtln*r 1'ei'nn‘niali(>n, and as tin; j)er('em:ige of 
aleoind incH'ases, albuminous substanc(‘s tind tartrate.-, an‘ 
(ieposiied- -tbo latter being less soluble iii alcohol tliati in 
tvater — forming tin* crust known as “ argol ” (see; 'larfurK- 
Vol. .11., Chap. XVI 11.). AVhe'ii tin* marc is also alleewed to 
fe*rme*iit, the* wine* is liighly ce)loure(l, owing to tin; e.xtrae.-t ion eef 
the colouring matte*r of Un* skins by the alcohe)!. Sue;h e'xiraetive* 
matter hel]»s to preserve* the* wine, on whie-h aoe;ounl, ainl Itee-ause 
of tin* j)re*senee of tannin, reel wu»e‘S usually ke‘i-p be-tti*r than 
w hite*. 8e.*(*()ndary ferm(‘nlation in (*ask for wine* e>n di'aught ean 
be pr(.*v<;nted by candid In'aling to a t(‘inpe*rature'* e)f dd lo 
bO'’ (d Idr to 1-10' y. in a separate apj)aralus, ami storinu' in 
tilerilisesl easks. He*.siele-s tin* alcoiiol pre»(luce*el by tin* fermenta- 
tion of gi'.'i})e' sugar, bye*-prealucls such as glyce'rin anel suecinie* aedd 
occur, similar to theese formed freun malleise in the manufaeture* 
<»f b<‘er, ,-uid in adelition to thos»*, e-e*riain elhere'al sails (este rs) 
whie-h impart le) the wdne its charae*te*ri.stic* houe[in't. The ]■(*!*- 
<-e‘ntage e)f aleroheel naturally juese-nt in wine- i-s limile'd hy t.ho 
inhibiting (fllect wbieh aleohe»l lias upem the y(*ast. 'fhe* ii.-iial 
ejuaiitity is from 0 lo 12'})e-r cent. Stron^e-r wines are ‘ddnilit-d” 
by tin* adelition of sjiiril. I5e->ieh*s lln-.se* eonst it uents, wine; 
e*e)ntains me-t:dlic salts of organic -aerieis and e-.xtractixe ‘'’’niat te-i-, 
iiicluding tannin anel e>ri:anie- ae-i>ls. (Miemie-ally, it i-s dis 
l iiigui.she*el from be-er by tin; ]ire‘se*nc<; eif lartaTie ac-id (wbicli is 
cliaracte-risiic of wine, as ac(*tic ae-iei is ed‘. be**-!-), of a huge 
proporliem of salts, me-iallic and eihe-re-al, and of tainiin. At. 
the same* time it is ele*ve)id e*f* hirte-r j>rine.-ij)h*s. The- hdlowing 
table ( anel Unrymann) shows the composition e»f S"n.o 
typical wines:-- 
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Iti })uie natural wine the proportion of ijiyi rin h* aii idml is 
n('\er less than 7'8 : lUO. This serves as an index oi’ the eeiniiiie 
eli!iract(‘r of the wine. The following are analyses (i.y l/ninr) 
of “ foriilled ” wines : — 
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Alcohols higher in the series than ethyl alcohol an* soiie t inies 
present in wino. The principal substance inijmrting the vinotis 
boufjuet is said to he auianthic other, hut others are uminuhtedly 
present, and each vintage appears to have its own charii< i<‘ristic 
ethers, said by some authorities to be duo (o lln* type of yeast 
used ; some such flavouring matters are developtal during storage. 
The colouring matter in whiti^ wines appears to l)e an oxidaiion 
jiroduct of the extractive matter in the juice. In red wines the 
colour is derived from the husks and seeds of tho gra|(e. and is 
only red^in the presence of acid, being changcal to green hv 
nlkidi. Brown sherry is coloured with caramel (see Sn>/ar. 

TT., p. IhT). Another change which takes ]»lace during' str)r:iL:e 
is the deposition of some of the potassium hitartrair*, (ogeileT 
with colouring matter in the form of “crust.” such as is seen in 
port. The addition of plaster of Baris to mu.st. liast(*ns th- fer- 
mentation, and is *said to render the wine more .•-lahle, and to 
improve its colour. The chemical effect is to precipiiaie tiie 
* Presumably stated in terms of, tartaric acid. 
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tjuniric acid as calcium tartrate, potassium lusulpliat(‘ l)«*iiii:!f 
tMi’inctl. 'I’liis ivacts witli ili.* potassium plmspliaic iin-snir,, 
t'ormiu^f iVee plio^plmric a<-itl ;iud ucutr.i! polassitim sulpliatti. 
It thus happens that, a ‘‘plastered” wine is rclalivt'ly richicr in 
potiisli and )>liosplioric a«;id tliau om; whicli has ifol; Ikm-ii so 
li'i it' d. 'I’lif pra' ticf is i^cncrally ciunlcmncd. 

Sj>ailclin '4 witn-s, such as cliainpaLinc. arc aliowt'd t.i» umh'iLlo 
a .■''■ciindar\ IcrnKMitat ion in liotlic, 'I’iius, in t iic ca'^c rjC cliaiii- 
p.'i'.oic. tlic raclc(‘d m^w wine is mixed with old wims and it' there 
ill- not suHi‘-ii*nt su'^ar to conlitiuc rcrnienlat ion cane sutrar or 
invert su'^ar is a<lded imun‘di;»tcl y ludnre lioiiline. 'The li(c,tii-s 
arc stores! itori/.ontally, and oefon' hein^ nn^irki'tcd are inciim ti 
until the sediment fails into the ihm'Is, wlnni tin; curl; is 
deMerotisly reh-a->ed. so that the prosure, dm; to disMiUei 
mav e\jM‘l tdie sediment, it is said tliat a loss wastefiif 
nn'ihod con^i^ls in Iree/in-^ tie- p..riion of li piid in the n(;eiv nt 
tin' inv(;rl(al hottic after tin- st'ilinnaU Uas »'olle('ted. (‘ind siihsi-- 
(pn'ntlv witinirawim; tin; fro/(*n plui; wlnni the iiiitthi is in il.s 
normal position. 

IV. minor fermented liquors. Ii.ddes i.e(;r ttnd 

wine, othei- pot.ahle rnjuors cojitainin-^ alcohol tire produettd hy 
tin- termentation of s;ie(;haritte matters, such as the juiei' ot tie- 
a[ij)h“ ifor oid«T), Jind of tin' pear (for perry). :iii<l snoftr iisell I'tor 
einu'er lM'(*r). 1 n miikin.L; eider t he apph s tire pulpi;d, t lit' juice is 

e.xprt'-ssed and alloweil to ierment sptint an(;tmKly at a teinperai ure 

01 r* ( t. •- -to ’ |.\ 'I'he ii'|Uoris raeketl. ami a secondary lernienia- 
lion a!lowe;d to occur at, ;us low a lempt'rature tis pos-dhle. (lo iti 
cider .should coulain frotn o to () pt'r t'ent. tif .-dcoliol and 2 to 11 
pt'r cent, of su^'ar. (linyt'r is'er lu-cwed iVotn .-^uoar hy tin- .aetimi 
of tin* glne(‘r lit‘t'r plant or of yeast, contain.^ alctdiol up to iihout. 

2 per (rent. 

V. SPIRIT. Tin' production of ptittihh' iiipiiils containin'.; 

alctdn)! dates from {»reliistoric t inn'.', hut unt il chemical researc'ie s 
had heen (‘arritsl out l»y the aleliomists and the jiroCi-.-'S ot di.-'iil- 
latioii <;volv<‘d, sucli litjuids wer<; not of yreatt'r slrt'iiyolt th.in 
Ciin he ohtaim'd dircetly hy f<'rnu;nt:iMon. When it was l-mnd 
that spirit, of ure.-iter streinj^tli could he ]>roduccd hy di.<i illat ion, 
the jM-oct'ss hecaUK' commercially valualile. 

Raw Matorials. — 'i’he earliest- raw mat(;rial used tor tlie 
inanufiicl un' of spirit was wine. Ott distillinj; tiny ynilinary 
wiiu', alcoliol and water pass ovei', the former predomimit.int; in 
tin; first fractious, wliicli are, therefore, richer in alcohol than 
wiis the wine, d’he dislillai,ion of witie for the production of 
sjiiril is still ])ractised for tlie miiuufacture *)f the best firandy 
(i-ognac). When the rationajo of fc'rmentauon heeame known, 
the fc'i'inentation of aleohol from sugar, both lhat naturally }>ro- 
duced and that olitainod from starch, was utilised for obtaining 
spirit. 'I'hus, nowadayis, wine, sugar, and stareh are all used for 
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tlio manufacture of spirit, the iiatun'* and llavour oj the prodin l 
depending mainly on the of raw nialeii;il adopti il. 

Pot:il)l(‘ spirits may hi' diviiied into two ( lasses vi/., tlioM' 
protluced by the distillation ol inatt'rials which inioarl to tli<':ii 
a chanK'teristii' and ai^o-ctahie llavonr, and those tormed Ifoiii 
materials wliieh are treated to yi- hl a spirit, desiii in (' ot llax'oiir- 
ini,' matter, ^nd nt'edinij;. t hen fore, to be artilhdally ll ivoiirc' i in 
order that it may be nnrhet liile. I'lie loriiier class wa-, iln; 
originally manufactured i»r:in(i\ ile* production oI tie- 

latter (‘lass Ix'ino a comparatively iiio lern indmirv. 

Brandy is the ju-oduct of tin- Il>t '.ilation of fermented jii..-- of 
^'rapes ; the bt'st is known ;is COfftiac. Iroin t.iie place ot ilia' 
iiaiiu', and is made from toe bramiy irrape, a small wini.e i-'-ri y 
which yields a vitv acid j.iice. ami ;s termenied foi- tin e\j i-e-, 
purpose of producing this sj.irit. Tho lie-i eoemn* i' maoe :ii 
tw(j operations, the lirst disi illai ion -jiviiiL' 'i product wiiieli c 
t:dns about .'hi p(‘r cent, of a'icomd. fin- iu-o(luci ol the '■■(■.■i.tl 
distillation contains about t‘.S jim- ('eiit. ol' .ah-ohol, ami is '-lor-d 
for years until by evap .rat ion the content of alcohol n h'iow 
GO per cent., wh('ri it is n-aiiv lor the market. Iiramln s Ironi 
other districts are made from the wirms from dtlV'-reiii :;iapi-s. 
each communicatine a characte: ist ie llavour to the spini. I 

averaei' yield is 10 to lb j»er ('ent o|‘ the wim* empioyeil, lie* 

following tigures show the composition of a samph‘ ol cognac 
(spc'citic gravity U-h;>) : ■ 
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The colour of brandy is ac(|uin'd from the ca.sk in which it, i-- 
stored, save, in the case of brown lirandy, ''’hieh is coloured l,y 
the aiidition of caramel. 

'Whiske3^— The material uved for tin? produel ion ofwlii-io-v 

is harley, which may he entirely or partially malted; iii.i!i<-(l 
barley is used for Scotch wliiskey, whih' for Irish whi.dtev a 
mixture of malted and unniabed grain is employed. 'I'lie malting 
proce.ss is similar to that used by tlui 'orewer (see Jimr, \'ol. 1 1., 
p. 20G), the drying being elfected o\er peat fin-s, wliieli imj)a»-t 
the characteristic smoky llavour to the whiskey. 'I'he dre d 
malt is crushed and washed with liot water, as in a lirewerv, 
but under such circumstances as shall enrure the product ion of 

15 
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a wort containing more maltose uiul loss uoxtrin than iliat in- 
toiulcc! lor lir»T. 'riif tcni|ii-i!inir(‘ «-iii]iloyo(l is at liist lG<t'' K. 

- Tl ’O., and is raised until, al tin* l.liini inashiiiLr, it ri-aclii'S 
' 1'’. 'riie \v(n't, wlu'U separali-d iVmn tiio grains, iias 

a .--jifoilic gra\ity of I'OlU. 'I’lie spent grain, known as ‘'drall',” 
is similar in (“oni)K)siliun to brewers’ grains, and is stdd tis calllo 
tiii.d : the e<»m]>i>.siti()n of a samplt* is givtni by A. 11. .\ilen 


(Jimrintl of' {/w Socoff// oj f 'h^u/iiail J toi nsfri/, ISDI. p. ‘lll.’ij as 
lb Hows 
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Tb(‘ wort is cooled to 70” to <S0' I'. ■- llT’ to 27 C. hy ri'- 


frig<‘nitors as (juiekly as po.ssiblo, lest it boeomo sour, and ilio 
fermentation is started at as low’ a temperature as is )U’a(!t ieable, it 
Iteing found that f«!wer by(‘-products (I'usel oil) an- then oi)tained. 
The i)oiling of the w’ort for sterilisation is omilieil by tlu‘ distiller 
as tin* f(*rment.ed liquor is only a stag(‘ in tb(‘ process and is not 
stonal. Th(‘ surjdus yeasi ol the brewer, in as pure a condiliou 
as possible, is used lor the fermentation ; impurt; yeast contains 
the acetic acid and other f<‘rmenis, leading to lo.ss of ah'ohol and 
production of aldehyde, an objeotionabhi impurity. 'I’ln' huunen- 
talion is jtuslied as far as possibh' in a tun eoohal by atlemju.-rators 
(see Jircwiuf/y Vol. II., p. 214), and the yeast is left in tin? fer- 
mented liquor or “ wash,” fresli yeast btung retjuired for ea<di 
f(‘rmentation, 'I'hc alcohol in the wash amounts to 10 to 12 p(T 
emit., and corresponds with about 80 per cent, of the saeeliarino 
matter einployt'd. 

The^ distillation of the wash is coiidueted in an ordinary .^lill 
'pot still) of C),000 to 12,000 gallons capacity, similar in shape to 
that used for distilling water in the lalioratorv, mad(“ of eojqim* 
and fitted with an agitator to prevent th(‘ solid matter in the 
wash settling and charring on tlii; bottom. Tin* still is final 
direct, and a small qaanliiy of soap is .sometimes introduced to 
])reveut frothing. The distillate from this first still is ]>oor in 
alcohol, and is known as “ low’ wines the residue iii tlu^ still 
{•‘pot ah*’’) eonraiiiR 3 jier eent. of solid matter in solution, iii- 
cludiTig about 1 jier cent, of la(*lie acid, whicli has la^cdy bi'cii 
recovered and used as a substitute for acetic acid and tartaric acid 
ill wool dyeing, as well as, to a large extmit, in chrome tanning 
(see Vol. n.. Chap. XVI.). The first distillate is redistilhjd in a 
second still similar to that just described, save that a stirrer is 



not neccpsiuy. The second distillate is collected in thi'ci^ iVac- 
tions — namely, “fon'-^hois,"’ “dean spirit,” aiul ' • ‘^} ci.i 

Icrs ' are lel't in tin; still and Mil'.''e«jiicni ly run to 
tirsL and third fraetions are iiujiun', hecomiuLt milky nn dilution 
witli water, and are redistilled \\ilh the next hatch of low w int's. 
The middle Traction is “new wluskt-y,” and has a streii^Mh of 
nr to hO" ovt'r-proof (for an i'X]ilaiiation ()f the term ]>rooiV 
see below') ; it is brought to standard stiamitth of 10" to -h" over- 
proof hv lh(' addition of wat«‘r, and allowed to mature in cask. 

The nalnri' of tin* prodiuets of tin* fermentation of wliiskey 
wash are similar to fhost; of the lermentation of brewers’ wan t, 
htit, as tin* ])rocess is carried farther, the formation of secondary 
products, particularlv of alcohols hifflier in tin* stuics than ethyl 
alcohol, is grettier. The impurities pr(‘cij>ita(.(‘d by water in lln^ 
fore shots, appear to consist largely of fatty acids (some of which 
iiiav he dm-i\(‘(l from the soap used), hut tliosi* jirecijiitated troiii 
the feints consist (ddelly of iiiglier alcohols, which constitute the 
so-called fusel oil. The chief substance present in tliis body is 
iiiaeiiva* amyl alcohol, to which its evil odour may lx; attributed. 
With regard to tin- sup|»ose<l injurious action of fusel oil on the 
system, All(*n (lor. ri(.) has sliown that it may h(i freely imbibed 
w it bout ill ell'eet. Tin*, (juantity pres<‘ntiii whiskey is not gri ater 
than OT jx'r cent ; the ethyl alcohol present is nsually 55 to 
<)4 ]ier cent., Irish whiskey being usually the stronger. In this 
condition it can bo kept unchanged for many years. Whiskey 
as sold to the consumer, })ow*ev«‘r, is much weaker than this. 
The Act of 1879 fixed the minimum strength at 25'" under 
proof, corresponding with 37 per cent, by weight of alcohol, 
and ordinary wdiiskey is from 10“ to 20“ under proof, corre- 
sponding with 44: to 39 per cent, of alcohol. 

Besides those higher alcoliols, furfural is present in whiskey, 
and is charactf'Hstic tliereof ; it appears to he produced by the 
slight charring of the solid matter in the wash. 'I'lie maturing 
of whiske.y app(‘ars to I e tiue in part to oxidation, but more 
largely to an ahsorption by the wood of the cask analogous to 
that exerted by wood charcoal, in the purification of .silent spirit 
{q.r.). The use of a slu'rry cask for storing whiskey is two fold, 
im]»urities being absorbed from, and fiavouring matters imparted 
to, the spirit. 

Gin. — Whereas whiskey and genuine brandy are prepared in 
pot stills, jn whicli but little fractionation takes place., gin — 
which is a liquor llavoured by the addition of flavouring materials 
to plain spirit in the proces.s of rectification or redistillatfon — is 
manufa( tured in “patent” stills, such as are used for the produc- 
tion of pure alcohol. 'Die raw material is a mixtuix) of malted 
and unmalted grain, from which a mash is produced and fer- 
mented in the u.siial way (pp. 225, *22(1). The distillation is 
generally effected in a Coil'ey still, which is shown in Fig. 38. 
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Tiiis :ip])ariituH consists of two columns, nwnh' oi wo.xl 

liuocl with copper 'I'ln^ iirst, A, is termed tli(‘ analyser, wlnlo 
the second, 15, is called the rectifier. 'I’ln; pij>e, (5, jwisses from llio 
To|» (jf the analyser into tin; hoitom of tin* rectilhsr. rnternaliy 
tie* column- an; dividtal hy {•erioratrd copper plates (i^reinrai 1 y 
elevi ii in tin; analyser and fourli-en in 1 he rectilica' , each of 
w:.ich is provi<lcd with two valves, having; the appearance of 
ihe h;ner T in the Ka-ii divisi(»ii of the coliiiiin is C(m- 

ne-ied wiih !li<“ 11 - xf l-y i tuhe, ! > (a (]ri>r)pin;; l^ipe’*), wldcii 
it i.-. in-eried. and ierminat(‘S in a collar .-lia perl Itap on ihc plaie 
iielow ii. 'The lop of the reel ilier is sli-lii Iv niodili(>d, ilie lifih 
plate from tin* lop heint; unperforaiiMl, hut provich'd with a lar-i'- 
opcnin:f. I'l, with a ncek. '1 In; dro}<)tin '4 pipe* (»f this plate opi>ns 
in!<* a pan whieh is deeper than those under the (ln)]ij>iiej pipes 
of the other plate.-, ami has a draw oil' pip*', 1*'. l ie npp'-r 
oi\i-;ions of tin* re<’litier have the I'itrm of ordinary i»allle plai'’-. 
'I'iie whole of th(‘ u]tper portion (»f tin* eidtniiii is tint liiii-lieil- 
sjtirii. eonden.ser. 'I he wash ( fermeiite<l mu-li ■■ is slore<l in tlie 
vat, (!. and ilow-; into (he Well, II. from w hich it is forced hy i lie 
ptimp, K , t hronj;h t li<‘ J'i]>e, L, w hi<-h ])a'ise.s i liroiioh lie- recliiler ; 
I- is made nj» of a series ot' jKiralhd port inns connetM t d with the 
h-'iids, .M, placed outside t he ri*ct il'y in:^' I'oiuiiin. 'riie lower end 
ol’lhis pijM‘ passes njiward.s to the top of I he aiialvser, wltei i- ;!,i‘ 
wasli is (ltdi\ere(l into the trap on the L<»j'mnst jilate, whtme.' it. 
Hows from jdatt; to plate, eneouiUerino su'um from tlie hoilei'. 
'I'lu; pnc-surc of steam Jind alcoliol vapour prc'tamts tin' pas-a-i' 
of the wash thronj^h tin' perforations of the plants, and eompi-is 
il to tall from plate to plate' through the droppitu' pipits. Sur- 
plus })re.s.surc is rt'lieved hy the valves in the plate.s. It will he 
uinlerstood tluit at the heudnning <d' tin* proces.s the a|)parat ti- 
lias hemi compleielv lilli'd with sLe'aiii, so that tin; wash is iieaied 
nearly to hoilinu; point hid'ori' it ('tilers the tinalyser. \\ hen tin- 
circulation htis bet'n started, llu' wash is (.‘oni intiously ('xpose.l 
in the analy.ser, in layers, to the tiction of tiie st(;am, which is at 
its loW(‘'^t temp('r;iturc at tin; top of tin; column, so that il is only 
from tin' top plait; that tin' constituent of lowt'st hoilitn.^ poiiit 
(the alcohol) can pa.-.s away. It dot's so, loc(;tln'r with llicsli am, 
throuu'h t-ln' pipt; and is delivered til the hoilom ot tin.' recti- 
fier. iturin^ its pa.ssa;;;i; up which it. ln'comes concentrated by tin; 
coud''n.salion of tin' steam in eontacl witli the jiipes conveyim; 
tin' wash. 'I’he i-tuiden.-ed steam, toictlior with the impurities 
of liiuht'r boilin'^ |)oinl (fusi'l oil), falls from t!i ‘ jiijn's on lo tie* 
yiiates in tin' reciilit'r, and, by i-t'iinjj thus delayed on its down- 
ward cour.se. is dt'jirivt'd of the hulk of its Jilcohol. ‘I.est the 
condensed water should still n;tain much 'alcohol, it is ret unied 
to the well, II. throuudi thf pipt; lb to he au'aiu circulated with 
tin' w;ish. Tin* conct'iitr.'ited and purified sp'irii coun's in contact 
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wlih the j.ipes couM-yini,^ iIm- coltlesL wiisli in llu' upjier part of 
t.lio r('i‘tifi(‘r, its cooling hy this means hi in^^ j)romol(‘(l by lii(‘ 
presence of the bailie plaf-s. 'I’lu; ^p-eater pertiou (if it is tlms 
(Kiiuimi'^ed, and is nhimately collected as iinished sjiirit throu^di 
ih'- pipe \'\ 'I'lie more volatile impuriti(!s aldehyde) fail to 

he eundeiiscd in tin* rei:t ilier, iind pass away with s\ieli stisim as 
retnains nneondensed throni:lt tlie pijte ll.ai.d ari' either al lowed 
toescapi' or ar(‘ eondenseil and witrked up aLrain, according to I lie: 
praet i--i- of t lie dist iller. 'I'hesjient wash ihiwitiLT iVom the bottom 
of the analysto- is used Ibr Inatinir tin* fet'd water of the 'ooiler. 

It will lu' seen that tlw' (’oiVey still works mu 'h niori^ system- 
atically and e.-dnomically than the. ordinary [lot still, inasmuch 
as the hiuln'r Ixiilini; const iui-'Uls are continuously n'lnov'd 
without n'distillation in a second still, and the heat of conden- 
sation is utilised in warming the mash before distillation. On 
account of (he perfect fractionation whicli is (Elected by th(^ Coffey 
still, it is not adtiptcd for the production of whiskey and similar 
spirits that (h'pcmd for their flavour on the presence of character- 
istic impurities. 

The plain spirit from the Cofhyv .still is re-distilhxl in a pot 
still, such inatU'rs as arc to impai-t flavour to the ,ydn hieing addc'd 
to th(^ contents of the still. Tlie substances chiefly used are 
aiigi'lica root, almond cake, calamus root, cardamoms, cassia, 
ciniiamon, coriander, junipi'i’, licjuorico root, orris root and 
sweet h'linel. Thest^ yi(d(l ('S.sf'iitial oils, wliich distil over witii 
tlie spirit. The addition of salt to tlie contents of the still is 
found to favour llu'. e.Ktraction of these flavouring matters, f'or 
the jiroduction of swiH'tmied gin, syruji is adtled to the ro-distilled 
spirit. Lb is sometimes customary to add a little sulphuric acid 
to the contents of the still, in which case fragrant ethers pass 
over into the distillate. Such is the case with “ Plymouth gin.” 
“ I lollands ” differs from ordinary gin made in t.liis country, in 
respect of the fact that it is made from rye and distilled from a 
pot still, its chief flavouring matter being juniper. The average 
Btrength of gin is about 17“ to 22“ under proof (40 to 37 per cent, 
of absolute alcohol by weight). It is often largely adulterated 
with water. 

“Absinthe” is a form of gin flavoured with wormwood, as well 
as with the ingredients above-mentioned. 

Rum. — Kum is imported from the West Indies — chiefly from 
Jamaica — where it is made for. the most part from pxolasses (see 
Sugar, Vol. II., p. 178) or otlier refuse .sugar. The fermentation 
is brought about by adding spent wasli, to provide the necessary 
nutritive matter, to the sugar solution, containing 12 to 16 per 
cent, of sugar, and allowing spontaneous ^fermentation to ensue. 
The wash is then distilled in a form of pot still (the Pontifex 
still) until the bulk of the alcohol has come over, the “low 
wine.s” thus obtained being redistilled. Rum owes its flavour 
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to the presonce of otliyl formate and l)utyrate, and ils eul. ur 
to carami'], or to tlie extractive matter it takes up iVtmi tl:i‘ 
casks in wliieh it is kept. Hum is usually 2U“ O.P.- i.r., w 
contains tiO‘8 pt-r cent , by weight of absolute alcohol. 

Arac is ay Hast Indian product made l)y fermentiuL: molasses 
with fauL;!/’ a kii\d of yeast, and distilling the liquiil. 

Alcohol [(^otiima'clal Alcolntl is prepared from many 

saccharine mat('rials for inilustrial purposes, and for aduit.eint in^: 
genuim' ])oiahl(‘ sjiirits such as those described above. kor flit" 
latter purpose', ( Jerman .sjiirit is largely usc'd, made from polatot's, 
a somewlial cheajaT souiaa; than tiu' materials usod in this 
country. Any starchy material will serve lor tin' {u-oduet ion 
of alcohol, and the real <nn‘stion is one of cost, which \aiies 
with the locality in which the manufactun* is carried on. '1 In* 
saccharifieation of the starcli is usually e.irccted by the action of 
tlie diastase, of malt, the quantity of malt re<juisite, accord i ii;.^ lo 
Cleriuan jiracticc, Ix'ing about, n pi'r c<‘nt, of tin* weight ol pitlatoes 
used. It is reckoned that the work of saccharilleat ion is ex* cuteil 
by half this quantity, tlu^ remaifuier ser\ ing ;is nutrient mailer 
for the )’( asl, in the sul)se(jueiit ferun*ntation. 'I'his extiu nutrient 
matter is lu'ces.sary on account of the. small jiroportion of idhu- 
miiious mattcj' in potatoes and similar starchy materials. It is 
tor this reasoi' ^hat. tin* che.'ipcr proc(‘ss of s;u*t*harifical ion bv 
fjoiling with a small (piantity of acid (sec JSlarcJi Sidjen', p. Ihd) 
is not a completely elfcclivc subatituti* for the us<‘ of malt. 'Pin* 
nnuhod of mashing has bi‘»*n already <lescrihed under the head 
If7/fv/.v7/, Yol. II., p. 225; the “pitching” tem])erature is as 
low as is praci icalde (25' to 25" 0. -- 75' to 77" If). 'Jdie distil- 
lation of the wasli is (*arri(‘<l out in stills of the (,lojfey type, 
which produce alcohol c.entaiuiiig HO to 55 p('r cent, of absolute 
alcohol, and about 0 4 per cent, of liigher ahadiols, and similar 
im])urities, collectively termed fused oil. The kind of spii'it 
])repai-cd from (lifTerc’ut raw materials is shown by felie following 
figuies : — 
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The raw spirit also contains soito aldehyde, ilie jin sence of 
which is attributed to impurities in the yeast, wliich also cause 
the formation of higher alcohols. Aldehyde occurs nioro largely 
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in sjiirit, wliich lias bcrii tcniicnttid in \sHrin wt'jitlior tlian in that 
pr(‘par(‘(l under normal (Mmdiiions of tcMii[)er!itur('. 'I'lir value 
of this lirsl distillate or “erude spirit ” di pends not only on its 
eonlent of ah'olnd, hut on tin* proportion of s])ii it fna; tVom im- 
purities wiiieli it yields on re<listilla(ion. As alia'ady stan d under 
H 7 //.'. 7 ivu/, it is .i^enerally supposed that fusid oil is ohjei-tionahli' in 
spirit which is tf) lx; used for drinkini;. hut it is doiihiful wh- ther 
it can he (;ond(;mned as actually (hdelerious, thoiiuh its tl;i\ ()iir is 
certainly nauseous. 'I’he spent wasli is used as caitU' food. 

The erude spirit is purified hy dilution with about an eipial 
<}uantity of water- - inor<; water heint; needed tlu> richei- the spirit 
is in fusel oil -and fdlration 1110)111(11 wood chaieoal. packed in 
<‘olumns varying in Inuj^hi from 7 to oU r<*el, and ;d)oui d feel in 
diameter. 'I'he wood charcoal, whiidi is found to lx* nm?-e (*iieeTi\(i 
( lian animal I'luircoal, is usi'd in pieces the si/e of ]ieas or nni s, 
atid acts jiart ly hy mi'chanical ahsorpiion, and |iarily elieinieally 
hv indueiin.^ o.\'i<lai ion. .As a con.se<|uem’e of t his oxidation al ie- 
hvd(‘ and even acetic acid sire fornu'd. Kslers of the h.ulier 
afeohols ar<‘ :dso fornxMl. which aftersvards idve an aert'calke 
aroma to the sjiirit. When tin* chart-otil i*e:ises tr) act. it can 
he revivified hy sleaminK out the alcohol ami iLodtin^^ the 
charcoal with exelusion of air, hut tliis latter treat im'i.t is not, 
mueh practised, tdthou-jh tin* alcohol is alwaxs recoxered. 

'fin* alcohol steami'd out of the <‘harcoal iniLriit Is'expeeted 
to lamtain a eonsid(*rahl(; )iro})orti<xn ol llie fusel oil that has 
h('eu removed; it is found, hoxvever. tluit htit litth* fusel oil is 
r(a;ov(rred. most, of it Ix'iii.i: oxidis<>(l and esl.erilied duriin; tie* 
process of filtration. 

'flu* suhstitution of ])Oxverftil oxidising ae('nts--.su<‘li as potas- 
sium pt'rman^aiiate, ) hromle a<‘id, ozoin*, and m.'in;(ati(!se dioxide 
— for eliurcoal has heen jiroposed, l)iit their nst* ha.s not l-t'en 
attended witli succt'ss, since tliey cause the production of much 
aldehyde an«l acetic acid, and, therefore, of ethyl aet'tate, from tin; 
<'thyl jdcohol. Of other methods which have hoi'n yu-ojX'Sed may 
h'* irn'iitioinal that consistinir in tin* extraction of the fusel oil hy 
irtatment of the diluted crude sjurit with petroleum ether, and 
that consisting in shaking the spirit with potassium ( arhonaie, 
which forms a lower oily lay(;r containing the higher aicoliuls 
and aUh'hydes ; tln*.se, hoxvever, havt; nut conn* into ust*. 

Tin* filtered spirit ns ih<;n r(*ctifi('d in a culiimn still. 1 ’ln; 
folloxving figures r<*pr(‘s< iit the output of a still of this kind, 

working on ililuted and filtert'd crudi* jiotato spirit : - 

(.■fill . t>y Viiliimo. 

Kiivt nuMiings {9.") per eeirt. .strength), . . . - 't 

Second (pniliiy s])irit (9(5 - px;!' cent. stron jUi), . . -j 

First quality „ (9t)-4 iH*r cent, s.treiiglli'), . . .’fT _ 

Second quality ,, (90 pur cent, strenglli), . (' .» 

The first runnings are too impurt* for drinking purpos(*s, otit 
an* used for buruing, for tin; pr<*paration of vinegar (r.n), and 
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fdf such technical pn^cciisi's ilio niannhictun* ot' inercuiic 
(.see F.rpUmirs, Diap. .\ \' I L). Dif srcdml fjiiaiii y lon- 
Taiiis O'Oll per cent, of tus<-l oil piT i<'0 ])arls of alisuhitc an 'iin)., 
and gives a pereoptilde alilohydo ri-aciioii. 'I’he i'l-r, y i|ua;i;ivs 
contain no tiisel oil, and only a tracj* of aldehyde. Tin y ( 
tnte si h'l^td spirit, so-called hi.’caiisr it allords no indicat i -i! ot 
its origin, d’he greater portion of this alcohol i.s lla\oiirid fi»r 
consumption, as brandy and other sjdiit.s, and is ti>cd lor tin; 
fortification of wine. A snialh'r (juant ity is einjdoyed for ])h:\r- 
niaeeutical purposes and the manufacture of e.s.senct's and scenl.s. 
\\ hen “al>.solute ’ alcohol i.s reijuired — dc., such a.s appro;ichcs in 
strength to 100 per cent, of alcohol -it i.s made hy deliydrat ing 
the weaker spirit hy means of (juicklime, and redistillstion. 

d'lie character of fusel oil depends to sotiie. extent on the 
material maslual, and on the nnuhod of mantil'aeture -c.y., the 
oil tVom grain or potatoc's (‘onsists largely of the amyl alcoliols--- 
itiactive amyl alcohol pr<‘porid<‘rat ing ; that from tlui marc of 
biandy contains jnuch nortnal propyl alcohol ; that iVom bc'ct 
contains iso-prinuiry hutyl alcohol as the pred<Mc.ina! inir con- 
slilin'iit. Fusel oil is hut little used ; its •hi- :' ;i[. [-!!■■.!' : ■ are 

as a solvent in chemical industries, as a source, of the ethereal 
salts; thus it serve-s Ibi’ the preparation of amyl acc'iatt' which 
is used tor liavimrimj confectionery and as a solvent Ibi’ cidluloid 
!'/ A sample ot' lus(d oil fiom potatoe.s had t.ln‘ following 

..•oihposit ion : • - 


Iho-pvopyl alcohol, 
I’ropyl ,, 

Morniiil hut} 1 ah'ohol, 
Iso butyl ,, 

Inactive amyl ,, 

Active ,, ,, 

11 iciicr alcoiiol.-'., 
bihyl alcohol, itc., 
Water, 


1 

i r (■I'tit. tiy Voluiiiu. 
lot) 
hO 

ti r» 

.'i 0 

ti 0 

170 
, 7'i‘) 

l‘J'5 
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The preparation of alcohol from calcium carldde wa.s tried a 
few years ago, hut ])roved to be a failure; ooirnmu'cially. The 
process consists in passing tlie acetylene evolved by the action 
of water on the carldde through a solutipn of cuprous cldoride, 
cuprous acetylide, Cu.,C.,, being formed. On treating this with 
zinc aiv4ammonia ethylene, evolved, which is absorbed 

by hot strong sulphuric acid, with formation of ethyl-sulphuric 
acid, CoH^.HSO^, from which alc/)hol is obtained by diluting 
with mucli water and distilling. 

Liqueurs. — These alcoholic liquids consist of “silent” spirit 
(g.v.) flavoured wjth various essences and containing much sugar. 
They are often artificially coloured. They contain from 10 to 
50 per cent, of alcohol and from 25 to DO per cent, of cane sugar. 
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Alcoholomctry. I nns-Tiiudi .is tho of .‘ilroliol is a onn- 

veniont source of revcMuie, iiiucli attiuit iou is jiaid lo the streiuit h 
of alcoholic iirjuors. TIk; most usual iiK'thod of jisc(Tt.aiMiM<; iliis 
value coiisisis iu tahiim tli(‘ spocifit; irravity of tin; alcolioiic 
liipior or of the distillate froiu if, should it coutaiii solnhli* non- 
volatile, matter, which would alVcct tlui specitic gravft}'. Ihiro 
alcohol has a specific gravity of 0-79.38 at 15-5“ 0. = GO" F., and 
boils at TS-d^C. = 173*1° F. When mixed with water th(‘ 
volume of the mixture is less than the sum of those of the con- 
stituents, so that the specific gravity of mixtures are not calcul- 
al)l(‘, and ehxljoratc tables have h(;en prepared empirically. Tlio 
Excise system of stating alcoholic strength is in terms of degt i'es 
over or under proof.” Proof spirit was originally delined as of 
such .strmigth that gunpowder moistened with it would just 
inlhifiK' when the alcohol was kindled. Now, it is didined to 
a li(|uid of such a sp(‘(,*ijic gravity at 51“ F, that 13 volumes shall 
weigh the same as 12 volumes of water at the same temperaiurc'. 
»8uch alcohol has the s]>ecific gravity 0*91984 at 15*0° 0. - G0° F., 
and contains 49*21 per cent, by weight of absolute alcohol 
( -• .57*0f) per cent, by volunn*). On this basis the term ‘‘ under 
proof” means that the spirit contains so much water more than 
proof spirit per 100 measures, .‘is is expressed in (h'gn'cs below 
proof Thus 20 U.P. nu'ans a spirit containing, at GO’ F., 80 
measures of ]»r()of spirit and 20 of w.ator, and similarly 20“ 0.1’. 
Bigiiifics a spirit of such strength that 100 measui es, at G0“ 
will be jiroof spirit when diluted with water to 120 measures. 
Absolute alcohol on this system is 75,1 O.P. This method of 
cont)m<ation is obviously irrational. 

Methylated Spirit.— For the advantage of those who napiire 
alcohol for manufacturing purposes, a .spirit is tillowed to he sold 
free of d\ity, under certain restrictions, which is denatured by 
the addition of one part of wood naphtha to nine parts of 
rectified spirits of wine — tlui strongest alcohol that can be 
obtained by ordinary distillation without a fractionating column. 
Rectified spirit has a specific gravity, at GO'^ F., of 0*838, and 
contains 84 per cent, by weight of alcohol. Wood naplitha (see 
Ddstniclirc distillation, Vol. 11., p. 104) was chostm as interfering 
least with the industrial use of alcohol while rendering tin' 
spirit impotable. Recently, however, it has been alleged that 
such methylated spirit Is consumed as a beverage to the injury 
of tlic revmuie, such consumption being possibly due to the 
greater purity of modern wood naphtha. In conseipieiic'^ of this, 
the use of spirit denatured with wood najihtha has been furtlier 
restricted, and much of the nnethylated spirit now sold is pre- 
jirepared by adding, in -addition to the wood spirit, not less 
than f per cent, by volume of mineral naphtha “of specific 
gravity not less than 0*800.^ * This mixture is objected to 

*A good deal of the spirit now sold is denatured by the addition of 
2*5 per cent, of a mixture of 4 parts of wood naphtha and 1 of pyridine. 
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by maiuifiictiirora as it l)PCOTiies turbid on dilution, owinnj to the 
separation of the hydrocarbons constituting mineral najilitha. 
A ditferent system obtains in Germany, duty-lre<‘ spirit being 
there usually denatured l)y the adtlition of 2 pi'r laint. of wood 
spirit rich in acetone and U’f) per cent, of pyridimi Itasi's (see 
'Jar distil fat ion, Vol. IT., p. tSbj. Industries for which sucli 
spirit cannot well ])c used are supplied with alcohol containing 
a constituent sullicii'iitiy nauseous to j»revent the \ise of the 
spirit as a drink, hut unohjectionahle. for the prirtiimlar trade 
jiurposc. Thus, spirit for varnish makers may he denatured 
liv the addition of 0*5 ptu* cent, of oil (»f turptmtimy and spirit 
for motor cars by the addition of 1*25 per cent, of hen/.cne and 
0‘2d per cent, of crystal violet. 

VI. VINEGAR. -'^Vinm wine, lu'cr, or olln r nleiTolic liquor 
containing nitrogimous matter is left exposed to (in* air, it soon 
becomes sour fi'om the conversion of the alcohol into accUic acid. 
This change can he (dfected l»y oxygrm in the presmna' of porous 
substances — e.c/., sj>()tigy platinum -the ahadml hi'ing oxidised 
according to th(‘ (M|uation - 

GH,.(df,.()ii t (), = ooif non. 

The oxidation ofalcoln.d, howcuany in this manner is ae(!oinpani(‘d 
hv the fornm ion ('f aldehyde, (Tl .Gttll, tin- loW(',.st oxidation- 
ju’oduct of alcoiiol. .Moreover, vinegar is not im-rely dilutee 
acetio acid, hut contains as e.ssential c.onstitmmts aromatic and 
extractive matters. In {)ract.i<‘(y tin* oxidation of a dilute 
alcoholic liquor is (dfected by the agency of microorganisms, 
cliicf among which aiv^ Sfyrodrrma or.eti and lUtcfcrinvi (irrfi, th(‘ 
licpior being spontaneo>isly infected Ijy contact with tin* air. 
Dui'ing tile growth of tiiis organism oxygon is alisorlxal and 
acetic aci^l produced, tiie mycoderma forming a skin (mother of 
vinegar) on the surface of the vinegar. It s(.'cms that tin?, oxida- 
tion t;>kes place v.itliout the intfi iin'diatf' formation of aldehyde, 
tins occurring only wlicn the mycoderma is lo.sing its activity. 
Succinic acid appear.s to he foriiUHi in small quantity. In tlio 
course of time the organisms will oxidisi; tlie acetic acid it.stdf to 
H„0 and GO.,. As in tin; case of other micro-organi.sms, it is 
essential that tin*, nutriemt liquid should contain mineral salts — 
viz., those of jiotasl), magne.sia, ammqnia and phosphoric acid. 
The Content of alcohol in the nutrient liejuid should not much 
excee(^10 per cent., nor, for rapid growth, should it he less than 
3 per cent. The most favourahh* temperature for the growth of 
the organism is about 30" 0. = 81“ F. 

Tliero are two main processes for making vinegar. In the one, 
the old Orleans firocess which is practised cliu fly in France, the 
acc(‘s.s of air to the alcoholic liqwd takes place sohily by diffusion, 
so that the acetification takes a considerable time, and the pro- 
cess is known as the “slow vinegar process.’^ in the other, a 
large surface of the liquid is exposed tr the air, which is caused 
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Lo firculjito ovor it, so tli.it tlio |iroc»‘Ss cotnpleUMl in n. far 
Bhortc'i- timo, on \vlii<“h account it is called t}i(‘ (juiok viiiei:ar 
process.'’ Kaj>idity is only obtained at the (;osi oi‘ alcohol and 
vine'jar, whicli ani carried away by th(‘ circylatinj' air, partitai- 
larly if the tcmj>erature be allowed to ris(; unduly. it may 
from the. more rapid oxi<laLion of the alcohol. 

'I’lic slow vinegar ])roct‘ss is used for making vln(‘i;ar from 
wine, whi' h shmd<l pn'hnably b(i “ full bodiefl ” and one y(‘ar 
old. Vinei^ar from widle wine is most e.st(?enn‘d. 'I’ln* wine i.s 
elarilifd by contact with beech sliavin-js, and is tlum diluteil if 
it contains more than 10 per c(‘nt. of alcohol, and run into (“asks 
of ht) to lt)0 irallons capacity, with holes for tie* admission of air, 
Jind |>lai.‘C'tl on their sides on tn^stlcs. 'I'hese casks liavt; bcmi pia'- 
viously one-third Idled with stronj^ boilin-jj vim'^ar. in order to 
pr<‘vent them from llavourini; lh(‘ wim^ un(l(!r;L;<>int; act'lilicat ion. 
After (‘i^lit days ilic wine is added in (pianiities of about '2 l,m 1- 
lons. this (juantity lading aijain adthal at tin' end of ev('ry jn'riod 
of <'i;j;lit days utiiil the cask is two-thirds full. Portions are 
di’iiwn oil’ t.o j)r<)iiiot(* rh(^ circulatioti of air, .and tiuMi* wine i.s 
•addl'd as the priM’ess proeei'ds, i.he tcmpcral iii’c beiiit; kiijti at 
ai»out' 25’ U. 77' I'*, by vi'iit ii.'U ion or art ilieitil ll('alin^^ 'I’iie pro- 
gress of till' f(‘rm(‘nt;il ion is jndiit'd by tin* pi'riodieid witlnlr.awal 
of a sample I'roin lheio]», ji. whiui frinli indiir.'it.in^ its eoinjdrt ion ; 
the proi.-ess t.aki's man\ wc'ks to carry out. It is usu;il to pass 
the viin^^ntr tlinmi^h ti rouirh liitt'r, ma'ht (d’ wood shauie^s or 
refusi' I'rom <;ra)t(^ presses; this n'lains tin; and coiii- 

}dete.s the acadilie.'ition of the: aleohid. Upright tuns with false 
i)()ttoms on which era.p<*-pr(r<s r. fusit is paitked, .'ir*' . onn times 
sid)stit ut(;d for laisks laid hori/onlally. In the.^; the rate of 
inaiiufaetiire is sonujwhal more rapid. 

'I’he ipiick viui'i^ar process is adapted for tint actitilicat ion of 
iuiy iippropriatt' alcoliolic li(|ui<l, so liiai it is use'J in this country 
where vim'gar is l.ar^jely niaih^ from tln» alttoladic wiish from a 
malt, mash. Mashini^ and fernnuitat ion .are conducK'd viu’y much 
us in the jtritcess (jf Ijrewiiiir, that the wort is wi'Il ai rated in 
tin' feiinenline vat, in order to induce more thoroiii^di fermenta- 
tion, Jind the ])r()<;ess is completed at a lower tcmjierat iirt', 
wlnuajby tin.' activity of fon.'ieu or^^.-inisms is diminished. I'or 
the b('st product ion of viin'ear t h(! wjish should boas brii^iiL as 
possibh', aiel should, therefore, l)c .allowed to sttllle ;iud tillered 
before ata't ilicaliou. ^ 

C^uiek vinegar v.ats are wooden vessels, ;ibout 15 to 20 feet in 
height, 1 1 ft'ct in dijimeter at the hottom .and 8 fia'l at the top. 
'I'hc: temperalurt' of tin? v('.ssel is reouhiK'd hy a tin worm at* the 
lower p.arl, .ab(»ve which is a false Ijotiom earryuig ti lilling ’ of 
he(;ch wood sluivin'js or twigs, which are previou.siy sHNimiid and 
souri'd with the viiu'gar. Above tliis, :ind Ix'low the lid of the 
vissel, is a revolving .sparger of wood or ebonite, though other 
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methods of distri))\itiiig tho wort over tin- iwi-^^ iin- .-lUo in u-.f. 
Perforations in the ujtjM'r and lou'-r I'art <»i tin; vos'-l ^■■rvr l<ir 
the cireiilation of air, which is sli-.htlv lieaii d and rrLiila.!i ■! \>\ 
closing the air holes above men; iom-.i. 'I'in- wash |iiiin|-d 
through tlio sparger ajul triekles ovt-r tin- tilling, nie»'ting the 
iip draugfit of air and having its alcolud oxiilised to aeet ii* aciil 
hy tile ai-lion of ilie niveodernta, wliieh colh-ets on tlie twigs and 
shapings in tin* form <)f a slime ; this growth necessitates the 
occasional cli'ansing of tJic a|>})aratus. 'I'he oxidation of tin; 
alcohol is most satisfactory w hmi tlie temperaturi^ dm‘ to tf.e 
lu'at of lh(‘ ri-action rises to ahoul 37 ' < *. h’d ’ I*'. 'I'oo litth^ air 
eausies tlie production of tin; tlrst proiiuet of oxidation of eth\l 
alcohol -aldehyde- which is very vohilili' and easily deti'clial hy 
its charaettudstie odour. Too much aii' is also to he a\oided, as 
causing \ olatilisat ion of tdeoliol and aei'tic acid. In any ease t he 
loss oi alcohol is C(»nsidera,lde, averaging I'J }ier cent, of that 
contained in the wash. (’ompl(d.e aeetilieal ion atone ojimation 
can he elleeted with liijuors eontaiiiing not mon- than 1 per cent, 
of aleoliol, stronger solutions needing rep('at<‘<l trea,t ineiit, with 
the aiklition (d' fresh raw material if a strong viiu'gar he r(!(]nired, 
Altliough vim gar containing as much as 12 Jier cent, of aeet.io 
acid can bo thus ]>rodu(‘(>(l, the strongest usually manufaetured 
is of about lic'f this strength. Tin; marudacturo of v im-gar hy 
this process laki's from (;ight to twelve days, ifln' air Irom the 
vats is sometimes passed tlirougli water to ahsorh the vapours 
of aleoliol, aldi-liyde and acetic acid wliich it contains. 

'1 In^ manutacture of vinegar is usually conducted with littJe 
ri'garil to those ]>rineiples of fermentation hy means of jiure culti- 
X aliens which have been workeil out for beer lirewing, the 
necessity for the prt'sence of detinite organisms, and for the 
exclusion of foreign germ.s liy liltration of lln^ air, lining eom- 
iiionly ignored. ►Suidi ciiseases as the vinegar lly and vinegar 
cel are in coiisetjueiict' fairly common. 

Vinegar has sja-eial eliaracferisiies, according to the raw 
material from 'widcli it is hrewed. Thus, there are found on 
the market cider vinegar, perry vinegar, ale vinegar, and sugar 
vinegar, as well a.s ilu^ commoner varieties, malt and wine 
vinegar. Malt vinegar is browm and aromatic, owing this latter 
quality to tin* jire.seiiee of etl;c!real salts, chiefly ethyl acetate, 
which is also .sometimes added. Tlie several qualities are 
d<‘sign;i|t('(l hy iinmhers, which expre.ss the numher of grains of 
dry siKUum carbonate xvhiclPwill neutralise ! fluid ounce of tlie 
lifjuor. Th(^ specific gravity of malt vinegar varies from P02l t o 
1-02.T, and it contains from 3 to G per cent, of acetic acid, bt'sides 
a little alcohol, alnl 5 to 6 per cent, of extractive matter. In 
order to jireserve weak vinegar it is legally pi'rini.s.sihle to add 
0‘l8;j per cent. o*f sulphuric acid, but the practice is not adopted 
by manufacturers of repute. The expression “proof vinegar” 
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moans vino^^ju- conlainiii^ 'I ])cr cdii. oi‘ acolio aoiil. W'ino 
viiK'gar is pah^ y« IU»\v if iiiad*- IVnin wliite wino, and rcildisli- 
))i(u\n wlinii niadr IV'»iii n-d wine. It, is iiioro alooliolir than 
mall vino^ar, ami, tin i has a lower spccitic gravity, l ul l 
to 1’022; it contains IVom 6 to 12 [)or cent, of acetic acid. 
Potassium bilarlralc, usually present to the extent of^O'25 per 
cent., is a cliaracteristic constituent. 

Malt vinegar is sometimes distilled, the product being known 
as white malt vinegar. Factitious vinegar is made from tlie 
acetic acid obt;dne(l l>y the destructive distillation of wood, 
diluted with water colmired with caranud and flavoured with 
ethyl acetate. The bulk of cheap vinegar sold in this country 
is of such nature. It does not contain the phosphates, tartrates, 
and nitrogenous matter characteristic of genuine vinegar. 
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(/IIAITKR X. 

OILS, RESINS AND VARNISHES. 

I. FATS, LIQUID AND SOLID. Ail ,:;n.,sy sul.stanrt.s ol 

animal and v<'m‘tal)l(' nriiiin may in* classilit'd as oils, inolinlin^ 
in the term soli<l (his (lals) and lirjuid oils (oils in t he limiliai 
sense of tho word). 'Fhosi* sultslaiiees are eli.araiderised hy tlieir 
iinrtuousness, hy tlirir insoliihility in water, sthnhility in such 
solvents as ether, benzene and carhon hiaulphide, and hy their 
leaving a greasy stain on paper, wdiieli dot's not <]isa]>j>ear hy 
eva}H'u"ation. CJiemieally, th<‘y are ethereal salts of tin* fatty 
acids : * the alc«)hol radicle of the salt is geimrally that of 
glyct'rin (glyceryl), hut in certain wax<‘.s (litpiid aiul solid) 
radich'S of higlu'r alcohols tlian glycerin oecur. The misnomer 
glyceride is conventionally apjtlied to fats of the former class. 
'rh(‘ number of fatty acids found in oils is large, but. the ehi(‘f 
<aaurring in oils of industrial iniportaiua^ may be givam : 


(iiMieral Koinmln. Name. 1 

Furmula. 

\I( Hill,; I’.aiit. 

( rdlju+it'tJOll j Ihityric acid 

CglljCOOH 

-.TO.- 27" K. 

; Vrdcric acid 

(hlb.t OOH 


! haurii: aci<l 


Kt.ro. iitri''. 

! raluiitic acid ^ 

CjdRiCOOll 

OTO. -141' V, 

1 Stearic a<h<l 

(’,7lIv,C0()Jl 

TO'O. ins'K. 

• ; Anieliidic acid 

('...Had '0011 

T.T'O. -1(17'- K. 

' (‘erotic achl 

(.cllaaCOOlI 

815 0.- ]7'.fl'. 

CJlin-iCOOH j Oleic acid 

I (',7ir.,(’<H)n 

I4'“(h--- .-,700 

j Do-glic acid 

i(hAir-t‘OOH 

itro. 01 ' K. 

1 Knicio acid 

('..dbd'OOH 

OM 0,- ‘JTK. 

t ijlh’fj -st 0011 ivtiiiiUie iiciil 

;Cl 7 llai('OOll 


Ojillun-fiCtWH j binolenic acid 

0)711.,., (’OOH 


1 1 Iso lin(»lenic uci<l 

0, 7 11 00011 


J Cdl2n-2(OU)COOli' llicinoloic achl 

: Oi7ii.ooH)(:ooH 


1 i Iso-rieinoleic acid 

(J)7H.,.(OM)(X)Olt 


; Jlajdc acid 

^ 

;Ci7H..'(0Il)(’00il 



The majority of solid fats consist largely of glyeryl stearate and 
palmi^ite.t The radicle glyceryl (C^Hj) takes tin* place of 3 atoms 


* Acids belonging to the fatty as distinct from the aromatic scri(;8, nob 
ncce.ssarily homologijcs of acetic acid. • 
tTho terms stearin, palrnitin., and olein are used as synonyms for 
glyceryl tripalmitate, tristearate, and trioleate respectivelv. 
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ot Iivdrot'on. so tli<; forumln* inj* tlu‘ <il>ovo salts aro 

(C, 11;. .(()(>), r\.[|. jitid M '.-J I ., ('()()).,( '..I I . 'i’lui prf'ilominaiib 
c<)i)st iiucni. ill iiiosL licjuiii lais (oils) is j^lyccryl ol-aiLo, 
(< Y;J 1;;;;^ '0( 1.^ wliilo ‘ < I T v i I ! ' «»ils (r.i.) (lontaiii Lil vrervl 

Kails of tlif iK*i<is of tliii linoli'i*- and iiiioli^nic si'i'io^. Ti.** 
S|irrili(; L'lax ily of oils and lais which havo tlu'sc sii hslaiici's as 
tiiCii- clii(;f const iluciits is lower ilian lhai '-I' walcr, \ai’\iii<; 
fi' ii! (0 Mixed <;lyceri(!cs llial is, j^dyccridcs con- 

laiiiiiiu' diilVroni, acid radicles ooinl lined witli th(‘ sainii ;,dyceryl 
radicle, O.jllg — hav(; lali ly 1 een shown to (srur in many fats 
and oils. 

The fais and oils ha\(‘ no lioiliiiL;' }>oini 'i, dei'o!ii|iosit iini sci'iic^ 
in when they an* healed to ’Jtl*)' to :U.>fT ( '. .I'J’J hi oi''J 1’. 
'riey eannof he disiilled without dec'>inposii ion, even und'r 
re i need pres'^ure, in this resjteei contract iiiu' with ihe fsiiy 
:>eid-' iVom which they are deriveil. 'Towards tie* hiirhei* limit 
of (emperanire eiv<‘n above, ilarkeidni; iii*neiallv occurs, earhon 
dioxide and much aerid v:ipour coiitainiM; acr«dein (t ',.1 1 (/( ) 1 1 i 
lieiie..; evolved. On itxposure lo air and hYht.all oils and ihts 
^oadnally snlli'r chani;<*. A distinction may he drawn hetwern 
those wliich tend to “dry” — i.e., to become converted by oxida- 
tion into solid resinous suhstanct^s — and those which do not 
exhibit this property (“non-drying oils”). Tlie latter instead of 
drying beeomo rancid. This cliange appears to bo indepi'iiderit of 
bacterial action, and of that of unorganised ferments, and to need 
the conjoint iulluence. of air and light. It results in the pro- 
duction of free fatty acids, generally ])oorcr in carbon and riclu'r 
in oxygen than are those characteristic of the fat, but the degree 
of raneidity, as implied by the nauseous smell and lastc of the 
fat, has no direct relation with the percentage of free fatty 
acid. Aldehyd(‘S also appear to be produced. Nitrogenous 
substances, which are constant constituents of unrefined fats 
and oils, both animal and vegetable, appear to increase the 
rate at which rancidity develops. The breaking down of 
the fat into fatty acids as the main product must be accom- 
panied by the decomposition of tlie glyceryl radicle, or tlie 
liberation of the glycerin corresponding tlierewTth, but the 
exact fate of this constituent of the fat is at jiresent un- 
known. Rancid fats ^usually contain less glycerin than the 
fresh fats. 

Like other ethereal salts, those ^of glyceryl are capal^e of con- 
version into the corresponding alcohol (glycerin), and an acid or 
salt of that acid. The term^ hydrolysis may be used to signify 
this change, however produced ; true saponification (y.-f.) is a 
particular case of hydrolysis. Thus, treatnlent with water at 
a high teni))erature resolves glyceryl palmitate in the following 
manner 

* Compare the drying of linseed oil described below. 
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!- :)U0 - (• ii.ioii), + 

Gl.vrvnl (;l\iviiii. I’nluuti.' 

This luav :il>o ho rllhcto.l hy witli sii1}>liuri.' acid, thr* 

cxart ralioiialf ot‘ tlvis cli:uii;o hcin^ scaivtdy u luh'rslood, t)r l»y 
hcaliiit; willi a sutUoiontly jxtworliil hasc, with whii-li th(‘ 
liliorated tatty acid will coiiii>inc, t lie process hidii; IvIionmi as 

sapoiiiticutioii, c.//. : 

((',11 ron <'11,, , :i\;iOii (' ll oiHL t- ;5(Vii ' 

Oi>i v l \ 1 m 1< iCr OI \ r.Mll. S,nlniui mIcmIc (mmii). 

The -jneii) ofCattv h.ulirs known as waxes (tie- t(‘nn includiiiL^ 
both liijui'l and solid suhslaina'-,) ia sliarplx dist in^u isdied from or 
diiiary tats and oils in t hat its niemhers «lo not. contain ,L:l\ceryl, 
hut ar(^ I'thcrcal salts of alc<>hol radich*s which can lx* suhstituted 
only tor on(‘ atom ot' h}droL;('n ■ in.sl> ail ol three). Thus, hceswax 
contains tin* radich* ol’ myn'‘yl alcohol (h".,,l l,-j< M 1), heiny; myricyl 
palmitaie. f 1| ,H :|0< H ' .,,11,;,). Tin* wa.\cs are L;'-iicrally mon* 
staide in air tlian are ydyceryl dcri\alives, sliowimj; no (.emiency 
t.o drv or to hecoiin* ranciil. On hydr'dysis, they yield tiieir 
cliar.ictei'i.stii; alc'dnds ami acids in a manner similai* to lint ot 
t>rdinarv fats, thouudi u.^ually with somewhat treater dilliculi ', . 

.^lthou^h si'\eral ethereal salts may he reyarded as the pre- 
dominant (*('ns; it uent.'- of specified tats and oils, yet, each indi- 
\ idual fat or oil invariahly (auuaiiis two or more et.liereal .salts, 
similar in propci-tics and differing hut little in idtimal.e compo- 
sition. I'ln* dilheulty met with in attempting to s«*para(e the 
proximat • ('onstit ’.C'lits has yiv<*n ri.a* to t he use ol indirect 
methods of analysis a.ml in vestiy.at.ion, which altlmuyii they do 
not in all cases detcnniin' accurately the mit.uia* tind jii'oportiotis 
of (he conKtitnents of any yiven oil, y<d. alVord data sullicient lor 
determining Pin* identity of any yiven oil, ami for yivinij; an 
iusiyht inti) its c'im}»osition. d'lins, tlm pena'-utayn* of lialoyen 
(tmtahly I ami l>r) winch an oil will al)Sorh under standard 
comlitioTis, yives a measun* of its c.ontf*nt oi eth<*real salts ot inn 
saltirati'd fatty acids ; this vtiltie is terim-d tin* iodiue or bromine 
number or absorption. Similarly, although it is impraeiieahle to 
d(*termine the moie.i’ular weiyht, or <*.v(*n the (‘(juivalent. weiyht 
(hecamn* of the dillieuity of coin])lete proximate analysis), of tin* 
several constituents of an oil, with the vl<‘.w of usccrlainin^f the 
nature of each (Udiereal salt present, yet a mean numher for this 
value, (dia’^ict(*risin_i( dilfermit classes of oils (ui.), may he obtained 
from the j)eicent!ige of base neutralised in the saponilication of 
the oil. d'he mean equivalent weight of the oil — i.e., the weight 
of oil e.xpresscMl in grammes saponified hy one equivalent 
(oG grammes) of potash — is termed the saponification equivalent. 
The results are, liowever, often .stated as milligrammes of 
potash required for the saponification of 1 gramme of the oil^ 

ir> 
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this value being termed the saponification value or number of 
the oil. In tlie same way, the acid value represents the number 
of milligrammes of potash required to neutralise the free fatty 
acids in one gramme of the oil ; for perfectly neutral oils it is 
nil. By subtracting the acid value from the 8apf')nification 
value the ether value is obtained, which is a measure of the 
amount of potash required for the saponification of the neutral 
esters present in the oil. 

Thus, oils consisting chiefly of ethereal salts with a high 
equivalent weight have a high saponification equivalent, and 
those with a low equivalent weight a low saponification equiva- 
lent. Examples of each will be found below. 

PREPARATION AND PROPERTIES OP THE CHIEF 
COMMERCIAL FATS AND OILS. — A convenient classifi- 
cation of the chief commercial fats and oils is that emjjloyed by 
Allen, which is based on a joint consideration of the origin, 
properties, and constitution of the oils and fats classified. 

(1) Olivo Oil Group. — The members of this grou]> are liquid 
vegetable oils containing glyceryl oleate as a principal con- 
stituent. They are non-drying oils, and are very liable to 
become rancid. Their specific gravity ranges from 0-914 to 
0*020. Their halogen absorptions and saponification equiva- 
lents are moderate. Thus, the iodine absorptions are from 80 
to 100, and the saponification e(iuivalents from 285 to 290. 
They show great tendency to solidify when treated with nitrous 
acid, this solidification, characteristic of these oils, being known 
as the elaidin reaction, by which solid isonuiric bodies of the 
same molecular weight are produced. 

The chief members of this group an^ olive, almond, and earth- 
nut oil. 

(2) Rape Oil Group. — TIies(‘ arc liquid v('.getable oils from 
the Criicifcra’ containing glyceryl salts of acids of the oleic 
series, the most characteristic being brassic or erucic a<dd, 

The high equivalent weight of this acid gives 
these oils high saponification equivalents — e.g.^ 315 to 330. 
Glyceryl salts of acids of the rieiiioleic series are also present. 
These oils have a distinct drying tendency, indicating thar, they 
contain glyceryl salts of acids more unsaturated than those of 
oleic acid, a fact borm? out by their comparativelv high iodine 
absorptions — e.y., 97 to 105. Their specific gravity ranges from 
0-913 to 0-920 ; they form semi-solid elaidins. The chief repre- 
sentatives are rape oil and mustard oil. 

(3) Cotton Seed Oil Group.— These are liquid -^cgelalfie 
oils ranging in specific gravity from 0 917 to 0*926. They all 
dry slowly and imperfectly, and are thus distinguished from the 
true drying oils. As might be expected from the fact that they 
dry, they have a fairly high iodine absorption (105 to 130), while 
their saponification equivalent is similar to that of oils of the first 
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group. They yield semi-solid elaidiiis. Tiie chief members are 
cotton seed, maize, se^sanie, and suntlower oil. d'hey probably 
contain glyceryl salts of acids of the linoleic and linolenic si'ries. 

(4) Linseed Oil Group.-— Tlu'se are the true drying oils; 

they are ckaracterised by a high specific gravity, to 0 ‘Jd8, 

and a liigh iodine ab.sorption. ranging from l.'l.'l to 170. The 
sajionitlcation equivalent varies Iroin ‘J()8 to 300. d'hey con- 
tain glyceryl salts of uiisalurated fatty acids, such as linoleic, 
linolenic, and iso-linolenic acids, whicii are capable of o.'iidation 
and the production of varnish-like liodies (this change consti- 
tuting the drying of the oil). The principal inciubcrs are 
linseed, ]ioj))»y-seed. and walnut oils. 

(5) Castor Oil Group.- ~The.s(’ oils are distiiiguishi'd by their 
gr(‘at viscosity and high sju'i-ific gravity (0 1)37 to 0 D7b). 

t'crtain of tlo'se, notahly ca.stor oil, contain tlu^ glyceryl salt 
of ricinoleic' acid as a characteristic constituent, d'be gi-ou}) is 
jiot otln'rwise po.ssi'ssi'd of distinctive qiiulitie.s ; iln^ following 
oils are eonvcmiently incbidi'd liere, ns not fulling into any of 

the pi'scding elas.ses : Castor, croton, cui'e.as, and Chinese 

wood oil. 

(<)) Palm Oil Group.-- TIh'sc are vi'getabli' oils solid at the 
ordinary teiiqierainn*. 'fheir charain eristic constituents ari'. the 
glytan'yl salts >f .-atnrated fatty acids lower in tlu'i si'iie.s than 
stearic aei<i— e. 7 ,, palioiiic :u'id. d'heir iodine absorptions (from 
'lie fact that saturated aelds an? mostly })resenl) an- low (34 to 
54). 'I'lieir saponiticat ion eijuivaleiils an* also low (ll77 to ‘JS(i), 
On account of these oils being solid at tlic ordinary tmiqx'raturc, 
their spiaatic gravities at. J.V’C. r_: 39" . R are not comparable 
<;it l,(?r among theinsrU t's or with those of oHht oils. Tin* deter- 
iiiiiiation of th<r spi'cilii? gravity of oils solid at tin? ordinary 
teiiiixTatung -is g(‘ii(?rally imide at 100' C.- 212" h\, and com- 
]»aiison is then practicable. 'I'hiis, at thi.s tcniiierature tlie 
sjiccilic g.-i\ity of palm oil varies from 0-<S.h7 to <)*i^f)l. All 
these oils are liipiiti alio\t*, 15" C. - ICC R Tln^ e.iiief members 
of the, group are ]»alm oil, cocoa butter and illipe, oil. 

(7) Coco-nut Oil Group.- — These an? absf) vc'getablo oils 
solid at till' ordinary tenipi-rature. 'J'lieir imdting points are 
all below .‘h)' C. .8(i' J't 'J'hey an' characterised by eontairiiiig 
the glyceryl salts of acids of tlic acetic se-ies wliich an? volat.ile 
with steam at 100’ C. 212" F. — c.(/., lauric acid. 'I'lioir .specific 
gravity at^lOO ( varies from to 0-878. The iodine 

absorption is generally low- (7 to 15), and the Haponiheation 
<?(|ui valent is also low (209 to 270). The chief menibers of the 
group are coco nut oil, ])alm-nut oil and laurel oil. Two vege- 
tal)l(? oils, soinewhiit analogous in respect of the fact tltat they 
are solid at the onlyiary teinperatuie, are Japan wax and myrtle 
wax, wliich are included for convenience in tliis group. They 
are not characterised, liowever, by the presence of glyceryl salts 
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of the lower acids of the acetic series, Japan wax consisting 
iTiaiiily of glyceryl palniitate, and myrtle wax having a similar 
composition. 

(8) Lard Oil Group. — These arc animal oils, litpiid at the 
ordinary lemjx^rature, and consisting chiefly of glyceTT-yl oleato. 
They do not dry ; their specific gravity at 15° C. - 55 F. varit'S 
fiom 0-914 to 0-910; their saponification equivalent from 290 
to 299 and tlndr iodine ahsorptioii from 55 to 75. The chief 
members of the group are neatsfoot oil, bone oil, lard oil, and 
tallow oil, the last-named pair being expressi'd from lard and 
tallow respectively. 

(9) Tallow Group. — These are animal oils, soli<l ^at the or- 
dinary temperaturi^. J'hey are all li<|uid above 58 0. "150 
V. They consist essentially of glyceryl sti'arate, pahnitate and 
oleate, the proi»orti(ms of these, bodh'S determining their con- 
sistence. 9'heir specific gravity at 100° (h - 212° F. varies from 
0*850 to 0-870, the lattiu- figure being reached by butter lat, 
which is otherwisi^ abnormal {v.i.). Their saponifleation equiva- 
lents (except that of butter) vary I'rom 283 to 292; iodine 
absorpti<m ;13 to f)2. The eliief meinbm-s of the group are beet 
and mutton tallow, lard, horsi; tat, bone tat and butter fat. 

(10) Whalo Oil Group.— These are marine animal oils con- 
taining glyccoyl salts of fatty a<mls of the olch-. series, although 
tlui drying bmdeney of many mmubers Imids probability to the 
beU(‘f in the jiresenee of more easily oxidisabh' fatty acids ; in 
tbis reHp(‘ct they I'CseinVile oils of the cotton seed gioiip. T-he,ii 
specific gravity at 15° (1. -59° F. varies from 0*911 to 0-933; 
their saponifleation equivalent from 250 to 300, aiul iodine a]>sorp- 
tion from 99 to 106. xMany oils of this group are did uiguislied by 
tlndr content of the monohydric alcohol, cholesterol, C\,p,l l^^OH,'*’ 
occurring either in the free state, or as the salt of a fatty acid. 
The chi(‘f menihcrs are whale oil, seal oil, menhaden oil, cod- 

liver and shark-liver oil. • 1 . .I 

(11) Sperm Oil Group.— These oils (winch are liquid at the 

ordinary temjierature) ilo not contain glyceryl salts, but aie essen- 
tially ethereal salts of sueh monohydric alcohols as dodecatyl 
alcohol, 0 ^o 1 T.. 5 OH, and pentakaidecatyl alcohol, ; the 

acids forminglhe .salts are oleic and its homologue. dceglic.^ The 
specific gravity of these oils is from 0-875 to U-884 at 15 C. = 
59° F Their saponifleation equivalent varies from 380 to 4.)b 
and iodine absorption from 80 to 85. The chief members are 
sperm oil and dcegling or bottle-nose oil. These oils may be 

regarded as liquid waxes. i * . 

(12) Wax Group.— The meinhers of this group do not con- 
tain glyceryl salts, and thus resemble those included in group 

♦Cholesterol, as well as two similar bodies termed sitosterol and phytm 
gfcerol, are also found in very small quantities in other animal ana 
vegetable oils. 
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(11), liu( aro <liRtiii<,'uisli<’»l from tlu-in by bi'ini,' soliil at. the 
oniinarv tpiiijiorature. The principal salts contained in thevo 
waxes an' cetyl and inyricyl palinitalos, and C(‘ryl and inyrieyl 
cerotat('S. Their sja'cilic <;ravity at 10(l“ (\ 21 ’J' F. ran^PS 

from O’RK^to O S-12. They ar<‘ all licpiul above t'SHl. 190'’ F. 
U'lieir sapoiufication tapiivalenl is hi;.'b, ranging from 4 OS to 900. 

TYPICAL PROCESSES OE WINNING AND 
REFINING FATS AND OILS. 

H) Mothods of Winning and llollning Vogotablo Oils. — 
(a) Oils from Seed and Fruit. -Tin' seed is «‘ith<‘.r deenj ticated 
or not ai'cording to (li(‘ (piality of oil-cak^* to lie prodneed, ami 
cru.slu'd under staiujis or bt'tween eib^e runners <ii' rolU'rs. 'I’lio 
crushed juoducl is tln'ii submitted to pr<'ssur<' (gem'rallv in an 
hydraulic press), eiflier cold, when a. couijcirat i v<'ly sinail yield 
ot mild-lla\oure(l oii is oblaiiie<i,'^' or imt, when liie maxiiiiuin 
yield possible liy pi (“."sure results. In the latter eas<‘ the crushed 
.seed passes froui the inllers into a st<'am 1. ated kellb* ulu'i'e it 
is s])riid\led widi water, the moist hot ni.ass then going to tiui 
ju'esses. d'he ('rud(‘ oil, containing debris from the seeds, dis- 
solved resinr-u- maiter, colouring matrrial, albuminous and 
ju'ctinous sub*s1ane('^ aiul frc'c (at.ly aeid, is relimel by subsidi'iice, . 
tdtration through do! bs, vVe., by gr.'iv itat ion or }irt^ssur(g and 
treatimmt with 1 to 2 per (a-nt. (>f strong sulphuric add (winch 
(diars albuiuiiious matters), followed by alkali to deeonijiost^ any 
suljilionii^ adds tliat may ba\(' lu'en foniu'd, and washing witli 
waiei'. Alter rdiniiig, oils may he improved in colour liy filtra- 
tion through aidiiial charcoal, e.xjiosure to sunlight and treatment 
witlt oxidaids -c.g., potassium penuangaiiatc'. 

(/>) Vegetable Waxes.- -'fhese art' often remh'nnl in tin; manner 
(o b(‘ described for animal fats, or art' <*.\tract,cd Nvith a volatile 
sol\cnt. It direct piacssure Ik^ used, a liigher temjau'altire is 
requi.site. than is nei'dial for ordinary s»‘e(l oils, on account of the 
liigli solidifying jioint of a <*g<!talile waxes. 

(2) Methods of Winning and Refining Animal Oils. — The 
process most generally in ii.s(‘ is known as rendering. It is 
simjiler than that necessary for the extraiTion of staal-oils, the 
reason being that mueii fat-containing material from animals is 
not only ridu'r in oil than are seaals and tlu' like, but also is 
enclosed less impervious envelopes, animal rni'inbranes being 
ie.ss stabk; and mecbanically resistant- than an; the cellulose 
bu'-ks and shells characteristic of vegetable, oil-bearing materials. 
]t is thus sullieimit to boil t)n‘ fatty matter with water or steam, 
and collect the oil which comes to the surface, hi niiiny cases, 

* The oil resulting from this process of extraction is known as “cold- 
drawn.” 
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notably in winning marine aninjal oils, it suffices to allow the 
oil-bearing organ the liver) to soften by putrefaction, the 
oil draining out and tlie residue being rendered by moist heat. 
Purification is usually less elaborate than tliat requisite for 
seed-oils, and consists in rendering afresh with hot water or 
brine, or with dilute sulphuric acid. 

(3) General Method of Extraction by means of Volatile 
Solvents. — The most rational method of winning oils when a 
maximum yield is the primary object to be obtained, is that 
used in the laboratory — viz., the repeated extraction of the oil- 
bearing materials with a volatile solvent, which is continually 
recovered by distillation and used again, the whole apparatus 
being typified by the well-known Soxhlet extractor. The ex- 
traction, liowever, is liable to remove substances other than 



A, Tank ; B, extractor ; d, j)crforated false bot tom ; fP, perforated platf; ; 
D, still ; 0, worm ; /•, cock ; steam pipe ; e, pipe communicating 
with the worm, C ; /, pipe leading from the still, D. 

oil — e.ff., unsaponifiable matters of the class of cholesterol, and 
resinous substances. The process is, therefore, chiefly used 
for extracting residues from other methods of winning. The 
material is either extracted systtmiatically in a series of stearu- 
jacketed tanks or dis(,^oiitinuously in an apparatus similar to 
that shown in Fig. 39. 

The material — e.g., the residue from olive oil p;:esses — is 
packed into the extractor, B, and carbon bisulphide is pumped 
from the tank, A, into the ^extractor, which it enters beneath 
the perforated false bottom, d. It percolates through the 'matter 
to be extracted, through the perforated plate' and passes into 
the still, D, through the pipe shown at d}. The carbon bisul j)hide, 
containing oil in solution, is distilled in D by closed steam, the 
vapour being condensed by the w'orm, C, and tlie liquid collecting 
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in tlie tank, A. Tin* j)nK-e.sa is contimuul until a samjilc of (ho 
solvent drawn from the eoek, k, is found free from fatty matter. 
Steam is then injected under llie false hottoin of the ('x tract or 
through the pipe, J\ and the residual S(dv('nt thus distilled 
through the pij)e, c —communicating with tlie sanu* worm as 
that fittefi to tin*, still — into the tank, A. All the fat. will 
ultimately remain in the still, I), whence it is drawn hv the 
pijie, /. Carbon bisulphide is, in many respects, tin* be.st. 
solvent for fats and oils, hut its use is somewhat risky on 
account of its low boiling point pl(V' C. Il-h” K.) and inliam- 
mability. Cther solvents are useil, notably ben/.ein', ethi'r, and 
light petroleum. Carbon tetrachloridt*, which is uninllammable, 
has also been propo.seil, but its preparation is somewbat costly. 
It is usually prepared by acting on carbon bisulphide with 
chlorine at a temperature of 20'' to 10" C. ■ - bs" i,o 101" h. It 
has ;ilso been proposed to heat earlxui Idsulphith^ with sulphur 
chloiide iu the presi'Uce of a small (juantity of iron, wlien carbon 
tetracidoride i.s foniual according to the <’{(uatiou — 

(X !■ gsyi. (Vg ; its. 

PROPERTIES AfiD USES OP THE CIItEP COM- 
MERCIAL FATS AND OILS.— Olivo oil is obtained from 
the fr\iit of s veral varict,i(*s of tin; h'lirojKi’d^ the (juality 

of the oil varying • slight ly with tln^ chiss of trc(! yielding 
tluf fruit.. Tier nearly rij)e, olives, containing .’U) to oO per cent, of 
oil, are geiu'rally lir.st submitted to slight hand jiressun*, whereby 
the “virgin oil” is obtaimMl. Tie* yield of this is very small, 
the bulk of the oil being obtained by ern.sliing the |!e,sb in 
edge-runners or betweioi rollers, followed by moderate pressure, 
the lirst pro<luct being the best.. 'I’be marc or prcss-cako is 
broken up, stiraa-d with boiling wat.er, and t hen more strongly 
pressed; the S(‘Cond marc is simih-udy tre.ated, the stone.s also 
Ix'ing erusiied ,aud very .strongly pressed. Kaeb smas'eding ex- 
traction yields an <»il inlerior to that pr(us‘ding it; and l.lio 
re.sidual oil iu the final press eake may b ' obtained by (extraction 
with volatile solvents. Inferior olive oil, not ht i'or dii'teiic 
purpo.s(.‘s, but used for lubrication, although containing 7 to 8 
per cent, of free; oleic acid, is ki\own as gallipoli or engine 
Sometimes t lui k(n’nels ate cru.sbed <»r <.*xlracLed s(}j)arately, 
yielding olive kernel oil, whieh is similar to low gradi; ulivi; oil, 
Tb(i yield of oil is som(^ 21) to 40 per cent of the weight fif the 
fruit. (Alive oil ]>osse.sses the colour eharaeteristic of tlm fruit, 
its green tinge being due to cldorophyli. It has a mild llavour 
wlien fresh, but becomes rancid more readily tlian true se(*d oils. 
It consi.sts of about 70 per cent, of glyc(*ryl .salts li(pud at the 

* Thi.s unsuitable luaterial is being rapidly .superseded )(y uiiiicral lubri- 
cating (.ibs. 
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ordinary tom^XiraUire (cliiclly oloate), the reinainiri;^" 30 per cent, 
being clii<4ly glyceryl salts of fatty acids of the. acetic scries 
(notably palmitic acid); th(;S(5 ])artiaUy separate on cooling to 
about 10'' C. 50'’ h\ The specific gravity of olive, oil varies 
from 0-014 to O'Ol? at 15'^ 0. - 59^ F., its saponifi(;^,tioii eijui- 
valent is H-So to 'JOG, and iodine absorption 81-5 to 84-5. The 
oil is often adulterated witli cheaper oils of about tlie same 
s[)eci(ic gravity, such as cotton-sticd and sesame oil. It is useil 
for eating, lubrication, burning, making Turkey-red oil 
and soa[> making. 

Almond oil is obtained from both svv(!et and bitb'r almonds, 
but must not be confusc'd with oil of bitbu' almonds (l>eii/,al- 
dehyde). it much resembles olive, oil, but is generally less 
colouH'd. it is us(hI chielly in pharmacy. 

Earth-nut oil (arachis oil, ground-nut oil, pea-nut oil) is 
obtained from tin; fruit of Arachis }n/j) 0 !i<(’a l>y drying and press- 
ing, some 40 per cent, of oil Indiig olitaiiual as the gross yield ot 
Sijveral treatimmts, 15 p('r cent, bcdng about tin' eontent ot t he 
fiiiods. 'J'he cold-drawn oil is used for eating instead of olive oil, 
tho remaining portions serving for lighting ami soap making. 
The ]>re.ss(Hl oil cake, containing some 8 per cent, of oil, is usetl 
ns cattle food. Earth-nut resembh^s olive oil in composition, 
save tluit a part of tin? glyceryl [Kilmitate is replaced by glyceryl 
ai aclinhiK-, ami pai t of ilu* glyceryl oleate V>y glyceryl hy})ogfeate. 
Aracliidic acid lias a imdting point as liigh as 75“ 0. 107'' k., 

and its isolation and idmititieation are used as a means of detect- 
ing and estimating tli<‘ oil when present as an adultc'rant. 41ie 
specific gravity varic's from 0-9 1 G to 0-920; saponilication equi- 
valent, 289 ; iodine ahsorptioii, 91 to 105, 

Rape oil {colza oil) is obtained from varieties of Itrassica 
campestris, tin* si^eds being (Tuslied, lieated, and pre.ssiHl in the 
mannm- descrilx'd as characteristic of seed oils. The crude oil 
is refined by treatment with sulphiirie acid, sometimes followed 
by alkali to remove traces of sulphuric «acid and also free fatty 
acid resulting frmn the action of the sulphuric acid on tlie oil 
itself. The residual cake is used for manure. The oil-content 
of tiie seeds varies from 30 to 45 per cent., tlie yield from 28 to 
3G per cent., and tlie quantity of oil loft in the caki^ from 7 to 
10 per cent, llape oil contains glyceryl oleate and erucate, 
stearate and rapate. Its specific gravity is from 0-914 to 0-916 
at 15” (1 - 59'’ E. ; saponification equivalent, 314 to 328 ; iodine 
absorption, 97 to 103. It is chiefiy used for lighting and lubri- 
cation, and as an adulterant for olive oil. It is often adulterated 
with cotton-seed oil. Its viscosity is greater than that Of any 
ordinary fatty oil, except castor oil, and is tlrerefore taken as an 
arbitrary standard in viscosiqietry. Rape oil becomes gummy 
on exposure to air, but does not actually dry. 

Cotton-seed oil is expressed from the seeds of various species 
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of aft (M- ton lia.s boon roinovaul. Tlta socd 

and its rtn'U'X urn (.'ui llironifh and parted by sorei'nini,^ in a 
finpai’ator. d in' dceorlinated sned is tlien erusin'd lor oil in ihn 
01 ‘dinary wav. 1 )('eortieation is partieularly he< ess;n v for cotton 
seed, ina.si^nieii as tiie oil eak(‘ l(*fi ;if’(<‘r I'Xpn'ssion of (lie oil is 
nsi'd for eattb* fei'dino, a ])urjios(' for which if would he untitled 
W('re the hulls siilfercd to n-inain. 'I'he eontent of idl in (lie 
ih'eoriieat 0(1 seed is from 20 to 2.“) per emit.; tlie yield is about 
la to 20 per eeiit., and the oil cake retains about 10 per cciif. 
dhe erude oil is dark in eoloiii', and eontains much j)e(‘iiiious 
niatft'r. The eolourino constituent is removetl bv tri'atmenf 
with alkali, and tin* alkali salt formed heconu's him' on oxida- 
tion (cottoil-seed blue). The Sjus ilic Gravity of roliiu'd cotlon- 
set'd oil varies trom 0!)22 to 0'!t2-l. its iodine ah.sorptinn Irom 
Kin to 100, and sa]>onifiea1 ion e([ulvalenl tVom 2bb to 21' I. iti 
has a slight, tendency to dry, and is usi'd as a suh>( itnlc (ad- 
mittedly or frauduh'ntly) for olive <iil in eoolsijiLr. a.s a, eonstil nent 
of niai'tfarine, for s(>.ip inakini;;, and as an adulterani Ibr most 
dearer oils and hir making laetitious lard. T.y fns'ziiiy eulOni- 
sei'd oil, the e'lyceiwl s.alts, wliieh an- solid at low tenipei'atni'<is, 
an' Separated, const itntinif cotton-secd steal ill, which is used uh 
<an im^redient of mareariru'. ( 'otton-sei'd oil consists ehiidiy of 
(In' glyceryl S’ lts of ohde and linoleie acids, (lie dryiiiLj ju'o- 
perlies of tiie oil heinj.^ (lin' to tin* latter. 

Maizo oil is e(uo.aine(l chiell^ in the yn-riii of ( he Ltridn. and 
is won by removing the previous to usin ;4 tlie, mai/c tor 

spirit inakiiiLt, and pi’cssin*;' tin- separated mnni.s in the oi'dinary 
manner. Abonv lb ))er (cni. of oil is obtained, the residue eoii- 
.sl It lit iiii; feedine e.ake. .Mai/e oil is a yellow lipnid of specilio 
gravity t)'b2" to t> 'b2b, iodine ab.'-oi pt ion I I'l to 122, and saponi- 
lication e(juivalent of 2b0 to 2‘.l<J. 'I'bi' <*il is used tor liL,dit iii^^, 
lubrication ;ind soap makiinr. 

Sesame oil is a-iotber example of t.lu' etitlon seed (»il ;^0'ou}). 
It. is obtaimal by erusliini; the si'cds of orintiofy. eoin- 

nionly ealh-d til-.'-rrJ. 'I’be .seeds contain 17 to bt) p(*r cent., of 
oil. d’ln* oil lias a spi'eitie erasity of 0-‘.t2I to 0t'21. an i(j(line 
absorjitioii of iOo to lid. and a sa]>onilieat ion e<|ui\ aleiitof about 
2'j b It is used as a food in jilaee of olive oil, and is .somefimes 
mixed with llie latter as an adnlterant ; it is also employed for 
burning, lubricating ;ind soa}) making. Sesame oil eontains 
some 7t) ])er cent, of gleeryl oleate, the remainder containing 
glycc'ryl sJtlts of acids of the a(,x‘ti<' stn-ics. 

The semi-drying jiroja-rties of oils of the cotton-seed class arc 
probably due to tlie presence of gl^’ceryl salts of acids of the 
linoleie and linolmiiv series. 

Linseed oil is bv far tlui most iinjiortant of the drying oils. 
It is obtained from the sci'd of thci tlax jilant, w hicli eontains 
30 to 35 per cent, of oil, the yield by pressing being about 2') per 
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cent. The seed i.s crushed in the manner already described, 
and the oil cake used for cattle food. The oil is refined by 
treatnnmt with a small quantity of sulj)huric acid, with sub- 
aexjueiir, washing. Linseed oil, a.s obtained by .sim))l(‘ pressure 
aiifi lelining, is known as raw oil, but when the oil has \)i'en 
heatial to onhanc(^ its drying properties it is kno\vri as “boiled 
oil,” and in that state is used as a veliicle for j)igiuents. Accord- 
ing to H'cent researches, linseed oil consists (disregarding the 
small quaiitity of glyceryl salts of acids of tin; .acetic S(‘rif!S 
solid at, the ordinary temperature, which it contains) of some 
G5 p('r cent, of tlu^ glyctayl s.alt of iso-linohmic acid and 1.5 jxir 
cent, of that of linol(nnc acid, 15 p(n- cent, of the glyceryl 
salt of linoleic acid, the remainder (5 per cent.) being glyceryl 
oleato. Limseed oil is generally yellow, ])ut sometimes has a 
greenish tinge; its specilic gravity varies from 0'950 to 0’'J37 ; 
iodine alxsorption 155 to 170; .saponitication e<p]ivalent L'8S to 
300. Tin? characteristic proptu’ty of linseed oil is tliat when 
spread in a thin film it dries to a varrii.sh-likt.^ surface. The 
changes involved in this procos.s are not fully nnd(Tst()od. dMie 
oxidation of the oil invohavs the f ransformation of the acids 
named above into anhydrides of hydroxy-acids, om^ of wliich 
anhydrides is iorined linoxyn. (Ilycerides of tluj liydroxy-acids 
tluunselves also exist i!i the dried oil. The precise composition 
of linoxyn is disputed, but it .appears to bo the chief constitucut 
of the film produced by the drying of iinsecal oil, and to owe its 
value largely to its imsol ability iu most menstrua. What lias 
betiii saifl liere with rc'gard to linseed oil, applies also to oilier 
drying oil.s, whicli dry ilm more readily the mon‘ linoleuic and 
iso-linoJenic acids they contain. Tlic quality of commercial 
linseed oil varies considerably, that known as Baltic luung 
('stoeined the best, while East Indian or Calcutta is iiifeiior. 
(Jencrally speaking, oil with a liigli specilic gravity and iodine 
absor|>tion is of hotter (juality than that in which these analy- 
tical (tonstauts are low. Boiled linseed oil is prepared by heating 
the raw oil, either by a free (lame or by liigli-[)ressure steam, 
to a temperature varying from 130° G. = 2G()° lA to 200° G. 
392‘° F. for .several hours. tSoim'timos air is blown tiirough tlie 
oil, and iu all cases “driers” are adiled.* Tiiese liodies — types of 
which are litharge and manganous borate — probably act as 
carriers of oxygen. Gnly a small proportion of the drier added 
is dissolved by the oil. The drier is added to tlu' extent of about 
5 [ler cent, of the weight of the /diI, and is first groiyid with oil 
to allo'.v it to mix readily with tlie bulk. About 0 3 to To per 
cent, remains in the boiled oil produced. The process boiling 
is probably one of jtolymerisation and liiqited oxidation ; the 
appearance of ebullition is not due to true boiling, but to the 
escape of gaseous products oV decomposition.. Boiled linseed oil 

In the parlance of varnish-makers, a boiled oil is one wliich has been 
heated alter the addition of driers. It is sometimes customary to add the 
driers to tlie hcatetl oil aftftr it has cooled. 
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is darker than the raw oil, liighcr in specific gravity ((V957 to 
0-952), and lower in its iodine absorption. It is freipioiitly 
adulterated with rt)sin oil, which itself dries imperlectly. 

When the boiling of lin.seeil oil is piisln'd very far, a niui-h 
Iarg(‘r aingnnt of polymerisation ami oxidation (u-eurs, and the 
product is viscous, stringy, but not grt'asy, ami forms t he basis 
of printing ink. 'Phis process is conducted without tlu' addition 
of driers, and is sometimes eoutimied until tim <ul takes fire. 
Another product of tin; same typ(' is tin; oil used for linoleum 
making. Most of this is prep.ared by (exposing linsecul oil 
already partly “boih'd/' but witlnmt appreciable dark<'ning, to 
th(i air on sluu'ts of te^xtile material calhal “scrim’’ ;it a tem- 
perature of about 2l'(-. 70" V. During this chaug(' mueh 

acrolein is evoUt'd by the oxidation of the glvt'ervl radielc of 
the oil. I'he product, whii-h is a totigh traiislu.-cut, gclalitious, 
non-gr(;asy mass, i.s heavifu- than wat«'r ; it is iucoi'iiorat cd with 
cork powder and gum n*sins and formc(l into sliccts. Kcc< nilyj 
attempts have Ina n mado to (‘xjx'dite tin* oxidation by blowing 
air througli the warm oil, instead ot exposing it on sciiiu. 

Blown oils an' non drving, or partially Iryiiig, oils, ti'iulered 
v(!ry viscous by blowing air through tlu* hot oil. 'riiey arc' uscmI 
to imparl visc'osiiy to mineral lubricant, s. The ehaiigc elh'ctc'd 
by blowing luev be? ludgcid from tlu'- following figui't's for blown 
ra])eoil Sp< cil‘u.- gravity at 15" C. - 59" D. 0-9()7, iodine number 
Oo-fi, KajH»nilicalion e<[uivah'iit 2<S0. blowing with oxygen has 
also l)een suggested. 

Castor oil is made from the seeds of lin'iimx I'oinitnnns, of 
which there an', two kinds, tin* small and large seeth'd, Thc! 
former yield, s the ln'tier oil (usc-d in nu'dieiiu' i, ami is cold 
pressed. The rc'lining is ])(*rform(*d hy ;uldiiig a pint (d waiter 
to a gallon of tlu' oil, ami boiling until the water is ('vapoialc'd 
and lJu' nineilage dej^osited. Tin': larger sec'ds are. generally 
roasti'd, cruslu'il, ai d boiled in water until the oil rises t»» tlio 
surface and (tan be eolh'c'li'd. 1 lu* .sei'd contains about ho pt'p 
c<-nt. of oil, 50 ])('(' emit, being about tlu* yield (jbt aim'd by 
several [uessings. t'a.stonoi! sec'ds contain a nit rogeiiuus ju’in- 
ciplt', ricin, of marked jxusomuis and juirgalivt* prop«'ilies; tho 
pre.sciua* of a trace ot this substance in t-lu* exjua'ssf'd (til probably 
imparts to it its well-known purgatixe ]u-opm ty. Castor oil has 
a specilic gravity at ITT (I -■ 59' F. of U'l^O'S to (t-970, a saponifi- 
cation ('({uivaleiit of 509 to 519, an iodine absorption of (S f to 85. 
Its viscot#ty is very liigh— vuV.., 1,100, taking the xiseosity of 
normal rape oil at (iOTK. as 100. it i.s further eliaracterised by 
its .soliibility in alcoliol and spari^ig solubility in pelrohmm 
spirit. Tlie cbaraeieristic constituent of castor oil is glyceryl 
ricinoleate, with which small (luantities of thc glyceryl salts of 
acids of the acetic* series are associated. Castor oil, besides its 
use in medicine, is employed for burning, lubricating and soap 
making, and for making Turkey-red oil. 
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Turkey -red Oil. — This is a generic title a]'»])lied to the 
products oftlio action of sulplniric acid upon oils— c.^., olive and 
cotton, but esjiccially castor (ul — Avliicdi are used in mordanting 
fabrics to l»e dyed with alizarin. For making Turke.y-red oil, 
sulpliuric acid to tin; e.xtcnt of from 15 to 40 per emit, of the 
weight of the oil is run into a vat containing the latter, in such a 
luanmu' that the t(;mperatni'e can be readily controlhal. After 
.some tw(‘oty-four hours, brine is added as a washing agent. 
'Phe ns(i of brine is necessary, as the main product is soluble in 
watm-. A partial neutralisation with alkali follows, and water is 
added, so that the hidslu'd Turkey-red oil may contain sonu! 45 to 
50 per cent, of fatty mattm-. 'J'he action of sulphuric acid on the 
castor oil a))pears to result in the hydrolysis (p. 240) of the oil, 
and the formation of j)olyricinoleic acids and their sulphuric acid 
derivative.s. The comhmsation of the ricinoUde acid (hydroxy- 
oleic acid) may be typilied by the following eijuations : — 

(1) M()(',7ll,3.>(XH>ll + •■= llS<bC,7ll.-,.>a)Oil 1- HsO 

liiciiiolfi*' .Milphmic 
;u'M. 

(!’) H0Cj;H^./X)0}l -f IJSOXhrllitX'OOH 

= llOC',7llrf'<-^^X)7il;rAOUlI -1 H,S 04 

“ Jlij iciitolcic.- ackl." 

About 05 per cent, of '.rurkey-red oil — i.c., the .sulphuric acid 
<lerivativ<'S — is soluble in wat.t'r, the in.solubli; ])ortion consisting 
largely of unattacked oil and {lolyricinohdc aciil. 

Palm oil is expn'.ssed from tin; flesh of the fruit of Elais 
(/niueensis, a s))ecios of )>alm, after a perioil of formentation. 
It has the consistence of butter, a yellow or riMidhsh colour, and 
a pleasant smell, its imdting ))oint vai'ies from if.T to .‘)G“ C. 
-• 77° to 07" 1<\; specific giavity at 15" ('. ~ 50" F. is 0'020 to 
0 927 ; saponification etjuivalent 277 to 280 and iodine absorption 
48 to 54. Jt consists of glyceryl [)almitatc and ohaate ; it readily 
bc'come.s rancid and fre(jU(mtly contains much fn^e fatty acid — 
c.//., 10 to 2o ptT cent. It is used for making axhvgreasc*, soap 
and candles. Tlie oil from the kernel of the same fruit (palm 
kernel oil) is also of Inittery coiisistmico, hut contains a large 
proportion of glyceryl .salts of lower fatty aoi<ls, and resembles 
coco-nut oil ; it i.s used for soaj) making. 

Coco-nut oil is obtained from the fruit of Cocos nucifera, 
the dried })ulp (coprah), containing some G5 per cent, of oil, being 
sliredded, fermented and pressed. Jt is refined by heating it 
with water until the latter lias evaporated, as in 7lie case of 
castor oil. The yield of oil^is about 55 pi'r cent. 

Coco-nut oil is characterised by consisting chiefly of glyceryl 
laurate, some glyceryl salts of higlier acid.? of the same series 
being present. It forms a ^white buttery mass, often containing 
a good deal of free fatty acid. When fresh it*s smell is agreeable 
and recalls its origin, but the oil easilv becomes rancid. It melts 
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at 20'’ to 28® (./. GS to S2'’ K., its sproillc ^-nivity at 100“ 0. -- 
212“ F. is U'8G8 to O'ST I, its sujvoiiilu-ation iMjui vah'iit vavios 
from 200 to 228 ; ioGiin^ absorption 7 to 0. 'i’iit* expressed rako 
is used for eatile tOod. and tin' oil tor soap making; (espeeially 
mariiio so;*{>, Vol. il., ChajUer Xi.), nii^hi li^lils, and as a con- 
stituent of niari^arine. 

Noatsfoot oil is olilaiuod fixon tin* fet't of cal tie. uhii li lU'e 
waslu'd from blood, bolGsl, and tbi- oil skimiiu'd oil ; this foniis 
an inferior orade ; an oil of blotter (piality is obtained by direc t, 
excision of fattv dc'posits. It is refilled liy sidisideiiee, and (hen 
forms a yellowish oil, t'onsistin^ mainly 'd' Lllyeeryl oleatt\ and 
therefore not ri'adily becomiinjj solid on eccoliiiLT. Its speeilie 
oravity is t)-91 I to tflUfi at G0“ K. Id-.a ’ ( ; sapottilieat ion 
etjuivahml 2‘.M* ; iodine absorption GG (o 72. It dot's not eas'ily 
become raueid, and is nsefid as a Inbrieant at low teinperat ares 
and for drt'ssini; leat her. 

Tallow is till' ueiii'iie namt' for (he rt'n'lon'd fat of c-atth' and 
sheep. “Mutton tailuw” includes the fit Iroiii .sle-ep ami yoals ; 
beef trdlow t.hat from lU'at cattle. The process of ii'iiderinL; 
consists in licatiuo (ho crude fat by direct, ‘ire or closed steam, 
wlu'rehy file tissue, is broken up and the fat si'jiarat ed. hilute 
suljihiiric acid is sometimes used for the aame purpose ol <lls- 
iiltcgratinjj; th'' vii'iul.r uie. enelosino (be. tat. d'he roast, ed tissue.^ 
irom the open pron'ss are. ti'rmed “ craves/’ and an* used tor 
feeding pigs and jioaltry ; file h's-; lieaK'd tissues from the steam 
jiroccss are ut ilised foi- making ammonia and glui'. d'he reiidereit 
tallow is retined by boiling with walc'rand sefliing, and is ollcii 
bleached by oxidising agents,* 

Tallow consists essentially of glyceryl stc'arate i with soims 
pabnil-aie) and oleat.e, the former constituent, amounting to Irom 
.•> to I of the,', whole, l^d'oiu this it, is olnious that (.In- anal\(,.c,'d 
tigunxs for lallow' vary fhrotigh a tolerably wide rangi;. 'I bus, it 
melts at ^0^ to la’ d. 104 to lid’ K ; its speeilie gravity at 
15“ C. - n't® F. is O'lbih to O'.tlti, ninttmi tallow giving the 
higlier value; sa|ioni(ieat ion eijuivaleid, 2''^d to 280; iodine 
absorption d3 to IG, heet tallow having the, higher valur'. Wlmu 
rancid, tallow often contaims a good deal ot tree tatty acid. It 
is adulterated witli Vione fat and sometimes wnth cotton seed 
stearin, as well as with non fatty orgauie sulistanee.s and mineral 
matter. It is used as a lubricant (Vol,^ I.) and for soaji aucl 
candle making. 

Lard n^s a term originally continecl to the fat from the 
omentum of the pig. but i.s now applicil to tlie wiiole, fat of the 
animal? The parts containing fat ar<f treated in a manner .similar 
to that used in rend«riiig taliow. Lard consists eliietly of glyceryl 
oleate and stearate, its softness dej^cuding on the projjortions of 

* Tallow is Bometiincs iiardcncd by the couverKion of its olein into- 
elaidin by treatment witli nitric acid (p. 242;. 
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these constituents. “ Bladder lard,” which is the host variety 
from the kidney fat of the animal, is hard and melts at 4*2'" to 
45° 0. — 108° to 113° F. “Keg lard,” an inferior quality, melts 
at 28® to 38° 0. ■ 82° to 100° F. Lard is commonly adulterated 
by expressiiig lard oil from it and substituting tflie cheaper 
cotton seed oil. (Lard oil is similar in its properties to neatsfoot 
oil, and is used for lighting and lubricating.) The specific gravdty 
of lard at 100° C. = 212° F. is 0-850 to 0’860 ; saponihcation 
equivalent 280 to 292; iodine absorption 55 to 62. The chief 
use of lard is as a food stulf. 

Butter is distinguished from all other hits by the large per- 
<tentage of volatile fatty acids which it contains. Butter consists 
of the fat of milk (cream), agglomerated by breaking down the 
globules of which the fat is constituted. Tlui collection of the 
cream is done by hand-skimming, or by the use of a centrifugal 
machine. Norin-al butter, not strongly salted, contains about 
87 per cent, of butter-fat, 0 5 per cent, casein, 0-3 ])er cent, 
salt, and 11*7 l)er cent, water. Butter-fat itself consists of 60 
per cent, of glyceryl oleate, 35 per cent, of stearates and palmi- 
tate, and 5 per cent, of butyrate,'^ with traces of othei- low laity 
acids of the acetic series. Butter, uidess freed from casein, tfec., 
or In'avily sailed, readily becomes rancid, its objectionable taste 
and smell, when in this condition, being due to butyric acid, 
'fhe specific gravity of butter-fat at 100” 0. — 212” K. is 0 867 to 
0-870 ; melting point 20° to 35” C. = 84° to 95” F. ; saponifi- 
cation equivalent 211 to 253 ; iodine absor))tion 19 to 38. 

Margarine is a substitute for butter, made by exposing beef 
or mutton suet, preferably the former, to a temperature of about 
50° 0. - 122° F., and collecting the liquid ]K)rtion which drains 
away. This li(|iiid is kept at 25° (J. - 77° F. until the glyceryl 
salts, solid at that temperature, have separated, and the, n'sulting 
mass is pressed. This last oil becomes buttm-y in consistence at 
the ordinary temperatun;. It is cliuriK'd up with milk to 
give it a butter-like ilavour. Should the product be too 
solid, it may he mixed with cotton seed oil ; a yellow tint is 
im])artod by annatto, turmeric or sallVon. Tlie main chemical 
difference between margarine and butter is the absmiee iu the 
former of the glyceryl salts of lower fatty acids. (Coco-nut oil 
is sometimes used in making margarine, and su})j)lies a certain 
amount of glyceryl .sa'lts of fairly low fatty acids. The cliar- 
acteristic flavour of coco nut oil is removed by treatment with 
alcohol and animal charcoal.) ’The specific gravity of mar- 
garine is from 0-859 to 0-863 ; melting point 34 to 40° 0. = 93° 
to 104° F. ; saponification equivalent 285 to 290 ; iodine Absorp- 
tion 50 to 56. ' 111 

Whale oil (train oil) is ajtypical marine animal oil obtained 

* The butyrate does not exist as butyrin, but as glyceryl olco-palmito- 
butyrate (see p. 240). 
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from the blubber of various kinds of whale })y boilin'^ this 
with water, and skimininLj ojl’ the oil. (Ilyeeryl physetoleate, 
(CjjH.^jdOO) ,< '.(llr,, and ^Iveeryl salts of otluT acids of the ohdc 
r.eries, and of the acetic s('ri(‘s, are tin* <'liicf cotistituents ol‘ tins 
oil. It ia»a brown li(|uid with a characU'rist ic fishy od<uir, 
Specific gravity to 01)."51 ; saponification ecjuivaleiit 250 

to 290 ; iodine absotyition about 110 or higher. Some iitarine 
oils dry rapidly. 'Phe e’liit'f uses of tin* oil an* for soft S(»ap 
making ami leather dressing. 

Cod-liver oil is ]irej)arcd by washing and drying tbt* livers, 
and jtntling them into open barrels; the oil slowly exudes, and 
i.s skimmed ofif the surface ; it is filtered througli blotting p;i[t<'r 
to refine it. This product, constitutes tiie best, niedieina! oil, 
d'lie livers, afU*!* this (nsitment, anr ln'ate<l in slieet itsm pots 
susjiendefl in l>oiling water, a furtber yieUl of oil being tditained. 
The older nn'tlu'd is to tlirow tin* livers into a cask, :nid iilbov 
them to ferment., the risulling oil being ladled oil' as it rises. 
Tin* n sidnal livers aia* boile<l in kettles until the water ju’esent 
i.^ e\a]-iratcd ; the oil is str:iiiie<l, and, bt'iiig crude and of a 
brown colour, is used oidy :is tanners’ oi'. The tlnuapeutic 
vjtlue of ('od livt-r appears to be due, rather to its ('asy assimila- 
ti( i: as a faltv food, tlian to t.be minute (pnintiiy ol' iodine wliieb 
it contains, tli tt ba\ing been alleged to Ix^ useful. Cod li\er oil 
<‘onsist.s cbiellv of gbaa-iy l ob'at(‘ and myristate, ]»almita.te and 
stearate; a small pere<*ntage of glyceryl salts of volatile acids ot 
tin; acetic series is also present, and a small (juantity ol choles* 
tc'rol. Tin* s])ecific gravity of cod-liv('r oil is from O'D'jo to 
01b»0 ; saponilical ion e<piivalcnt 2fi.‘> to ‘lOd ; iodine absorjttion 
la!) to IfiG. It is adulti'iated with other liver oils, and wit.li 
.s<’al oil. 

Sporm oil is distinguished from all tin; foregoing oils by 
<'ontaiiiing only small (plant it ies of glyceryl .^alts. It consist, s 
(essentially of dodeiatyl oleaft* and pliysetol(“alt*, and a little 
cetyl jiialmitati*. It is obtsiim'd from (In; ln*ad of tin* spi'rm 
whale, (/Viy.seb'r marroi'pp/idh/s) from wliich it is ladb'd out and 
drained away from tin* accompanying spcrimunai. If isa y(*llow 
mobile oil not I'asily Ix'iauning rancid, and <*xc(;llerit a;; a inlu ieant. 
()ti account of its pecidiar eonstitutioti its analyt.ic.al constanls 
ditVer notably from tbosi* of fatty oils consisting of glyceryl salts. 
Its specific gravity is to O’SHd ; sajfonification e(piivalent 

to 451 ■ iodine absorption 8T3 to 85. 'Pin* yield of bigber 
niormhydric alcohols obtained oh its saponification is d8 to 1 1 p(‘r 
cent. 

Spertnacoti is tlie Bolid product a.ssociated witii sperm oil. 
It consists essentially of cetyl palinitate. The crude material is 
of a yellowish colour, and is ])uriiicd hy being boilml with a 
limited amount of 'caustic potash, to saponify adhering oil. It 
has a characteristic crystalline structure; melts at 48"' to 49° 0. 
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= 118“ to 120° F.; srx'cilic -nivity at 100° C. - 212° F. 0-808 
to 0*812; sa|)oriilifat,iou o<niivaleut 488. It is liablr to Oe 
adulterated with sUiarie and palmitic acids, tallow and paratlin 
wax. It is used in pharmacy and for candh* nlakin^^ 

Menhaden oil consists cliiefly of <.,dyceri(]es. It is ohtained 
from the lisli of the same name, and is used cliielly for currying 
leather. 

Beeswax is ma<l(^ from honc'ycoml), after the removal of the. 
honey, hy melting in water, allowing the impurities to settle ami 
running olf tlui wa.x. The yellow wax ohtained in this way is 
ohim hh'a.elied hy t reatim'nt with clironiic acid, or exposure to 
sunlight, the hleaching htnng aided l>y theiulditiou of a litth^ fatty 
matter. Ileeswax consists of about 80 to 85 per cent, of m vrievl 
palmitate, the balance laung chielly fr('e cerotic acid with a little 
nu'lissic a('i<l. Specific gravity at 100° - 212° Ih is 0-8] 1) to 

0*820; melting point 62 ’ to 61° 0. -- 141'' to T)7" F. ; saponification 
e(piivalent 584 to 002. It yields 58 to 54. per cont. of myricyl 
ah'ohol on saponification. It is adulterat('d with wuitc'r, inim'ral 
ma(.t(‘r, for(*ign lahs, j)aj'allin wax and vcg<‘^a])h^ waxes. 1t is 
usi'd for candh^ making and in ]»liarmacy. 

Bird lirno may he immtioned here, ms it is a suhstance stand- 
ing between oils of the sperm oil class a, rid the waxes. It is 
obtained as an (*xtromely stieky (enacions mass hy macerating 
the inner Irark of the liolly. ft consists ('ssrnit iaily of mocliyl 
palmitatf' and ilicy! palmitate, lioth mocliyl alcohol (O.yll.j^O) 
and ilicyl alcohol being monohydric. 

II. TURPENTINES, RESINS, CAOUTCHOUC. 

4'h(' resinous exudations iVom the stems of tri es of the Coni- 
foi’.s' class consist of solutions of resins in e.ss(*ntial oils, the most 
familiar ('xaniph.’! being comnnui turpentiiu', from which rosin 
and oil of tiu'jxuitine art* obtained. '!'ho resins are com])ounds 
of carbon, hydrogen and oxygtni, which havtt the chavactm* of 
acids or aidiydrides, being capable of combination with alkalies. 
The essential oils are volatile liydvocarl.tons, usually terpenes of 
the genertil formula and their congeners. Mixtures of 

hydrocarbons and resins of this type are also known as oloo- 
resius. Wlien resins occur associated with gums instead of 
hydrocarbons, tin; mix»‘d bodie.s are known as gum resins, while 
when benzoic acid and its congeners are present, tb.e mixed 
bodies are called balsams. . 9 

Oil of Turpentine {spirits of turpentine, ‘■Hurpentine,^’ ‘turps'’). 
The crude oIeo-re.sin or truo turpentine is an exudation fy:>m tlie 
barks of various conifers, and upon distil^tion, alone or with 
water, yields about 20 per cent, of oil of turjientine consisting of 
various true terpenes, The oil of turpentine thus ob- 

tained may be rectified by aildltion of alkali to saturate resin 
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from the blubber of various kinds of whale })y boilin'^ this 
with water, and skimininLj ojl’ the oil. (Ilyeeryl physetoleate, 
(CjjH.^jdOO) ,< '.(llr,, and ^Iveeryl salts of otluT acids of the ohdc 
r.eries, and of the acetic s('ri(‘s, are tin* <'liicf cotistituents ol‘ tins 
oil. It ia»a brown li(|uid with a characU'rist ic fishy od<uir, 
Specific gravity to 01)."51 ; saponification ecjuivaleiit 250 

to 290 ; iodine absotyition about 110 or higher. Some iitarine 
oils dry rapidly. 'Phe e’liit'f uses of tin* oil an* for soft S(»ap 
making ami leather dressing. 

Cod-liver oil is ]irej)arcd by washing and drying tbt* livers, 
and jtntling them into open barrels; the oil slowly exudes, and 
i.s skimmed ofif the surface ; it is filtered througli blotting p;i[t<'r 
to refine it. This product, constitutes tiie best, niedieina! oil, 
d'lie livers, afU*!* this (nsitment, anr ln'ate<l in slieet itsm pots 
susjiendefl in l>oiling water, a furtber yieUl of oil being tditained. 
The older nn'tlu'd is to tlirow tin* livers into a cask, :nid iilbov 
them to ferment., the risulling oil being ladled oil' as it rises. 
Tin* n sidnal livers aia* boile<l in kettles until the water ju’esent 
i.^ e\a]-iratcd ; the oil is str:iiiie<l, and, bt'iiig crude and of a 
brown colour, is used oidy :is tanners’ oi'. The tlnuapeutic 
vjtlue of ('od livt-r appears to be due, rather to its ('asy assimila- 
ti( i: as a faltv food, tlian to t.be minute (pnintiiy ol' iodine wliieb 
it contains, tli tt ba\ing been alleged to Ix^ useful. Cod li\er oil 
<‘onsist.s cbiellv of gbaa-iy l ob'at(‘ and myristate, ]»almita.te and 
stearate; a small pere<*ntage of glyceryl salts of volatile acids ot 
tin; acetic series is also present, and a small (juantity ol choles* 
tc'rol. Tin* s])ecific gravity of cod-liv('r oil is from O'D'jo to 
01b»0 ; saponilical ion e<piivalcnt 2fi.‘> to ‘lOd ; iodine absorjttion 
la!) to IfiG. It is adulti'iated with other liver oils, and wit.li 
.s<’al oil. 

Sporm oil is distinguished from all tin; foregoing oils by 
<'ontaiiiing only small (plant it ies of glyceryl .^alts. It consist, s 
(essentially of dodeiatyl oleaft* and pliysetol(“alt*, and a little 
cetyl jiialmitati*. It is obtsiim'd from (In; ln*ad of tin* spi'rm 
whale, (/Viy.seb'r marroi'pp/idh/s) from wliich it is ladb'd out and 
drained away from tin* accompanying spcrimunai. If isa y(*llow 
mobile oil not I'asily Ix'iauning rancid, and <*xc(;llerit a;; a inlu ieant. 
()ti account of its pecidiar eonstitutioti its analyt.ic.al constanls 
ditVer notably from tbosi* of fatty oils consisting of glyceryl salts. 
Its specific gravity is to O’SHd ; sajfonification e(piivalent 

to 451 ■ iodine absorption 8T3 to 85. 'Pin* yield of bigber 
niormhydric alcohols obtained oh its saponification is d8 to 1 1 p(‘r 
cent. 

Spertnacoti is tlie Bolid product a.ssociated witii sperm oil. 
It consists essentially of cetyl palinitate. The crude material is 
of a yellowish colour, and is ])uriiicd hy being boilml with a 
limited amount of 'caustic potash, to saponify adhering oil. It 
has a characteristic crystalline structure; melts at 48"' to 49° 0. 
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Oil of lemon is extracted by pressing the rind of the. fruit 
just helore ri])eiiing. Its eliiei' eoiistiiie'ut is a tef])fne, limoneue 
(boiling ])()int 17C" (h - 1Mb” J*’.). Tin; .sjaa-itic gravily of oil of 
leinoiL at 00" R - 15' C. is U\S70. It is used in c-oiiO ctionery 
and perluniery. 

Cedar oil is prepared from red-cedar wood by the method 
of distillation. It consists largely of cedrene, (boiling 

])oint l'OO” (J. -- 51 r F.). 

Oil of bitter almond.s (benzaldeliyd(') is obtained by se])arat- 
ing th(‘ lixtid oil (p. 248) from Viittcr almonds by pressure, and 
distilling the residue witli water; IK'N a:id benzaldehyde, 
('idl^COlI, ant tlie ]U()duets, being formed by the l)ydr<dysis of 
the glucoside amygdalin, under tin; influence of an unorganistal 
ferment emulsin which occurs in the almond, 'fhe oil is mixed 
with ferrous sulpliate and linn;, and i-edistilled, tlie hydrocyatiic 
aci<l being tlius fixed as (;alcium ferrocyanidit. Bonzaldehydo 
tlius obtained is a colourhxss liquid boiling at 180” (J. ^ 55()” l‘\, 
and having a specific gravity of 1*05. It can also he prepared 
synthetically from toluene, Oyllf,, by converting it into bonzal 
eidoride, (l,dl by cldorination, and heating the jiroduct 

with an alkali and wat(;r underpressure. 

Oil of Wintorgroon is olitained hy distilling the leaves of 
(laultheriu 'procumbeius witli water ; the yield is about 1 per cent. 
It consists es.sentially of methyl salicylate, often associated M'itlj 
a small quantity of terj>ene. Artificial methyl salicylate is 
prepiared by distilling salicylic acid with uietliyl alcohol and 
strong sulphuric acid. It is a colourless liquid, spccitic gravity 
1‘18, boiling point 220” 0. — 428''' F. It is often adulte.rated 
with alcohol, chloroform and sassafras oil. It is u^ed in 
medicine. 

Many essential oils are associated with a class of bodies known 
as camphors or stearoptenos, of which commun camphor 
is a good type. Camphor is ohtain(;d by distillation 
of the wood of the camphor laurel with water, the crude product 
being purified by sublimation. It is a white crystalline solid, 
subliming without fusion at the temperaturt; of the air. Specific 
gravity ()'i)8fi to 0-99(), melting point 175'" C. — 34G“ F., boiling 
point 204” C. ~ 399'” F. It is soluble in alcohol and s])aringly 
soluble in water. It is largely used as a domestic insectifugc;. 

Resins. — Common rosin (Colophony) is — as already stated — 
the l esidue li'om the distillation of oil of turpentine Irom ci udo 
turpentine. American rosin has a darker colour tha i t hat from 
Furopean turpentine. White rosin owes its opacity to the 
presence of water. The specific gravity of common rosiji varies 
Irom 1-04 to I'lO; rosin is soluble in most splvents except water; 
its melting point varies from 100” to 135” C. — 212“ to 275” F., 
but it softens before melting. It consists essentially ol abieiic 
anliydride, C^^il^^O^, easily transformed into the corresponding 



AMI’.r.K. 




l»y I'oiliiii: \s-iili at)Uf<Mis alcdiol ; its ai'id . liar 
act. }' ."Uist s it to (iis.so]\c in a.].a;it*s, and tiiis .stduiioii lia^ tin- 
jaojM-rlirs ut' a a ta<‘l ntili^.-d l»v t-in j ik>y inir fosin as an 

.nidiiinn to fat in soap inakiiiLt p/. ivosin lias a saponilinat ion 
'-.juivalnni .fit .)(•() to dltt, and a iironinn- aksorplion ot lli> to 
! ! L'. Uosin is also iist d lor varnisln's, and in soiiict iny as a 
pfotnolis (* coat in-. Aliirh rosin is al.-^o nsi-d (or tin* inanulao- 
tuio of losili spirit and rosin oil l.y dnstnu-tiv.- distillation. 
I In- li^iitor Irai iion (rosin spirit) is alunit .'> por cnnt. o] tlio 
rosin di^tillnd. tin- dt-ns<-r portion (rosin oil) is nnu’li tin- larger, 
ainountinjj; to alumt, So p,-r cnnt. oC tin- uriuinal rosin. Hotli 
consist {>1 hydrocarljoiis ol (In- ol.iiin*, acnl v Unu-, ami iH-n/inn 
si-rins, with soino u.M'pt-m*s and (.-. rtain rosin a«‘i(ls. Uosin oil 
is a yrdlnw (.r lirowu lii|uid, :.n ncrally lluori'.-.o.-nt , ol spt-rili.; 
t,n’as'ity 0-D8 to 110. It, drins (.» sonn- n.xtnnt, wlnii r.\po-..(l 
to air in a thin (ilni, and unites with linn- tn loian a i^inasi- 
(lOSill grease) used in llm nianiOa.-i ure oC rom^h iuOrirants l.ir 
Holley wheols. Uosin -dl is us»<l a.s an adulterant lor many 
oils, especially boiled linsenl oil, ami also tor iinakine litlio- 
;;Tapl)ic ir.k.s. 

Copal is the resin exudiin; trom trees otthe^<*nns U tpnrudd 
and others. iSoiiie specinieiiS tin* soil ami dissolve in etheiy but 
^'•'od nopal is hard ami insolulile. It is light yellow or brown; 
speeilic gravity 1 On to J -US. On Inciting it undergoes eliange 
and bm'oines more solubh‘. It is chielly us(*d for varniHlies. 

Shellac is ju-epared from the eru'le resin exuding eoiiseijuent 
*111 the puncture of the tree Ficua inr/nat hy the insect (bn-rus 
Idcva. The crude stick*lac is stripped olV tlie twigs, and the 
broken material, known :»s seed or grain lac, is me.lti-d in 
boiling water ami poured on to a stone, when it breaks ii]> on 
cooling into thin pieces. The aijui-ous solution on evaporation 
yields lac dye (See Vol. 11., O'hapter XI 11.). h'or decolorising, 
iileaeiiing witii sulphurous aeiil or •diloriiie is adopted. Shellac 
is cliifdly used I'or making varni.^hes, laetjuers, ami .s(*aling wax. 
It is soinetime.s artificially coloured liy orpiimmt. 

Gum benzoin may he- taken as a type of the balsams If, is 
the exudation u\' Si ijrux. n. It/ contains from K) t,o :jt) per 

( ent. of hen/oic aeid, the. reinaimh-r (-onsi.siing of resins. Its 
im-ltiiig point, varies from to ‘.)b’ O) gtid h\ 

Peru balsam is a similar sulistance, coiittiimng cinnamic in 
place of beii/oic acid. Its specific gravity is about, I - M. 

Garnbogc^s an e\am})l(* of the rlass of gum la-sins as di.stinct, 
ft mil oh-inresiiis and bilsams. It has a riHldish-y idlow colour 
and is coinpo.sed ol tlie resin gambogic acid (b4 to 74 per cent.), 
gum consiituting tlie balance. It is used as a pigment, and, to 
a cei'tain i-xtent, in medicine. 

Amber is the, most* important of the fossilised resins. It is 
found chicily on the Ilaltic coast and .s derived from several 
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now oxtinct spccios of conifers. Its chid use is for ornamental 
])ur)H)ses. 

Kauri is anotiior fossilised resin, found in considerable (juan- 
titics in New Zealand. It is usrd chiefly in varnish making. 

Caoutchouc (//K/d/orAArr).— d’his resinous substance is the 
ins])issateil sap of various geiu'ra of tlu^ three; orders Ajiocynnmr, 
Arloi'arpacmi, and Eihphorlaacem, trees which grow in iropicai 
and sub- tropical countries. Trees of the two last-mentioned 
orders furnish the best caoutchouc, that from Para (in the 
Amazon district) being the variety of highest quality. Ceara 
in Rio Janeiro, Madagascar, and Mozambique furnish inferior 
kinds. The sap ©f the tree is a milky emulsion, and is collected 
from incisions in the bark. It is coagulated by evaporation 
(spontaneous or artificial), or by tin' addition of acid or saline 
sul)stances. An alkali ammonia) retains it in its liquid 

state. As cutting the bark injures the trees, it lias been jiro’ 
posed to obtain tlie rubber from the leaves, wliieli also contain 
it, by extracting these with toluene or carbon bisulphide. It 
is moulded into rough lumps or llask-shaped masses or til ms 
(Para rubber), for I'xport. It is liaspicntly vnu-y dirty, sticks 
and stones being added as intentional adultimaiits, and always 
contains albuminous matti^r and resinous substances. Hit; 
im|)orted rubl)<;r is cleanstal by Vioiling it with wattu’ and 
inaci'.rating it betw(;(;n rolbu'S ov(;r which a stream of water 
hows. The shrcdd(;d and oleanst'd raw rubbtu- is then incor- 
porated with wt'ighling and vulcanising mattmials {v.'i), and 
moulded into the form of the goods to bo made. Commercial 
caoutchouc (rubbim) varies much in composition, imt its charac- 
teristic constituent is a liydrocarbon (a polyprmie) of the formula 
(‘ y possiVily O.^„ll.so or associated with 

insoluble albuminous matter and from 1 per cent. u)»wards of 
resinous substance.s, tliest; increasing in amount with the state 
of oxidation of the material. Common qualities contain much 
of this resinous matter. Pure rubber is sm-vici'able for only a 
few purposes on account of its plastic and adhesive; charact(;r, 
giMitly-wanned surfaces readily sticking together. AV hen a strip 
of ]uire rubber slieeting is stietche<l to a compai'atively slight 
extent, it returns slowly and imperlectly to its original dimen- 
sions. These pro})i;rties serve to distinguish it from vulcanised 
rubber. AVheii heated to 200“ C. = 39:1° P., pure rubber becomes 
a sticky viscous mass, which is a product of decomposition, 
inasmuch as on cooling it does not harden to the consistence 
of the original rubber." \\nien destructively distilhal, it yields 
a mixture of liydroearbons, including isoprene, f ca6utcheiie, 
Cj^jllj,;, and heveene, CJ-H 04 . These produols, as well as benzene, 
form an excidlent solvent f«r rubber itself. ^ Other solvents are 
chloroform, carbon disulphide, and solvent naphtha, none of 
which, however, dissolves more than 5 per cent, of its weight 
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of ru^Ax'r. Tlir utilisuiion of ruM>*T di'jM'iuls onnixHir(' hociMnf'^ 
behaviour with sulphiu'. When heated with if tdrawn out 1oi‘ 
of sulphur to a tomperature, above the iiieltint; ’ tiie aiUiitioii 
suljihur, about U juu* cent, of the element (rei-; ellowetl to 
the rubb(*r^ enters into some I'onu ot eonibinatum t both the 
rubber. The product (vulcanised rubber) is distiriutiishd larnisli 
raw rubber l>y its greater indillerema' to alterations of te 'h:iUL,a's 
ture — it niuther becoming soft and siieky on moderate lx .o cox 
nor ri^id on sli<;lit cooling- and liy tlx* pi»ssession of greats ot 
“ elasticity and indill'enmee to cold solvents, wliieb, at nios sh 
cause it to swell, but do not talte it into solution. 1 he met hod ot > 
vulcanisation may bo i)ri(‘ily described tliiis: riie raw nd'bei-, 
beiii^ plastic, is capable both of launc; intimati'ly mi.\ed \\ith 
the sulphur for its vulcanisation and with any mineral \vei;d>line 
materials that may he added, and of bfin-^ mouide<l by Jiny or- 
dinarv incf.'hanieal proc*es.s- - rolling; or sipiee/.iin,' tbronoh 
dies into slna t, cord, or (ulx' form. ’I'he artich*s thus fashioned 
are ke]»t in sh.ape l)v appropriate moulds, which are Ixaied, 
L,X'in'r:dly hy hi^h-pres.sure steam, to a temperature vaiyini; ttom 
Il'O" to 0. -- ll'tS" to b^2" b\, aceordiin^f to the nature oi the 

ariiele. to be })roduced. Instead of sulphur, ‘ f^olden sulphidi^ of 
autituonv” (Sh.,S,p is sometimes used, wliieli d('<-omposes, allonf 
im; sulphur for vulcanisation and heeoiniiviC ^b.,S ,, t hus imparl inii; 
a red eiilour to ih(^ liibmiied goods. Various loading m.atm'iids -- 
< ehalk, /ine oxide, I arium suljhiale ami h-ad o.\id<'- -are ofieii 
mhh'd, espeeiallv in eommon goods. Lamp lhaek i.s used tor 

black goods. Tile vulcanising of rul.ber.'.an also be performed by 

The use of sulphur chloride, S.,!'!,, iti dilute .solution, CS, being 
the ordinary solvent. 'The solvent, swells uj» tJm ^rnbhet and 
I'aellitates the penelralion of the suljihur chloride. I Im process 
is largely used for waterju'ooiing cloth and ma,king thin niblxT 
tubing; it cannot be used for thick goo«ls. as the iienet.riii ion is 
im])erft'ct. Lut little is known of the natun' of tlx- aelioii of 
sulphur in the <lry process of vuleanisation, lait the, iietioii of 
sulphur chloride has bem studied by W(>b(‘r, who is of opinion 
that the vulcanised rubber consists of two molecules ot polypnino 
united by one or more doulde atoms ot sulphur, llm iniiodue- 
tioii of the sulphur is elVected hy the formation of polyprene 

.sul))liochloride.,s. • i • i i 

Ebonite or vulcanite is ruhher vulcaliise.d with sr» much 
suiphur (2:) j)er cent.) tliat it is eonv:*rted into a iiard, horny 
mass rjuite^liflorent in aiipe.arifnoe and mechanical properties 
from ordinary vuh'anised rulhsT. 

The t>eterioration of rubber goods'appears to be a process ol 
oxidation, resinous 'products being formed. Kuliher is idteu 
lartmlvadiiltor:ited with “ surrogate, consisting of the products 
of the action of sulplnir and sulphur chlorides on oils -- -.y., rape 
* “ Elasticity” is not here used in iti; exact nicchaiu'al sen.se. 
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now (‘xtinct spfl oil. 'I’he.sc; surrogates are geltinous substance^® 
])urposes. of meclianical strength, and arejimply o ^ 

Kauri is nvitli whi(;h they are mixed. The se of these suri-o^*' 
titles in N/es tlie deU^rinination of the specific nivity of rubhei ' 
Caoiitcns of detecting adidteratioii altogethtijl-i^ory. Coui'^^" 
inspissa'idx'r goods made by moulding (called “ eclianicals”j are"’ 
tI /V ocaiargely prepared from old vulcanised r)l,er re-worlcecT^- 
and .arubber ovco'shoes an* <‘xamph‘S of this;|.,,|^j^ rub])(‘''^^*^’ 

on^od.s. H 

jA G-utta percha is a sul>stance, similar in n.,y res])ects 
' c!ioutcbouc, obtained fn)m Is(>}uiiidni yu/la, a tr fou^J ii, t,]i 
Malav Ibminsula. It is colletded in a manner 
used for caoutchouc. It has lately been pro]K)-) |,, (>xtraed^ 
guita perelia from the leaves of (lie tree by meaiQf ^ Milatile ' 
sob ent . I ako* caoutchouc, gutta })ereha consists of 'lydrocarl .on 
,'i,ssoeiated with resinous matter. 1 1 is chi<‘ll y used a^" insulatin**^ 
matei'ial in el(a*trical work and for moulding pur[)Os ” 


III. VARNISHES. 

A^'arnishes may l)e divided into two broad classes, 
oil and spirit varnishes. The former class consists ^iKjse 
varnishes which contain a drying oil, capabh* itself of foi,,„. 
varnisli-lik(‘ film when ex})Osed to the air in a thin lay('r.nj^ 
latter comjirises tliose varnishes which are made up of some rer,,.. 
dissolved in a volatile solvent. The chi<if resins in use lor 
varnish making havc^ Ixuni alrc'ady describ'd; most of the other 
constituents of varnishes — ej/., drying oils and volatih^ solvents — 
have been dealt with under appropriab* headings ; it remains to 
consider the methods of j)reparing varnishes, and such principles 
as are believed to umh'rlie these methods. 

(1) Oil Varnishes. — The typical constituents of an oil var- 
nish are a resin — e.g., copal ; a drying oil — e.g., linseed oil ; and 
a volatile solvent — e.g.y spirits of turpentine. The first proc(‘SS 
in the manufacture usually consists in rendering the resin, or 
“gum,” as it is technically termed, amenable to the solvent 
action of the oil. Many resins, prominent among which are 
copal, amber and anim6, are almost insoluble in oil or spirits of 
turpentine, until they have been fused. Others, such as elemi 
and common rosin, can be dis.solved without previous fusion. 
The operation of fusing or “running” is carried o’at by sim})ly 
heating the resin in a large copper pot over a direct fire, the 
heating being continued until frothing from the escapfe of mois- 
ture or of gases from the decomposition of the resin, has ce used. 
Ordinary linseed oil of good, quality is boiled in a manner similar 
to that adopted when boiled oil is the product sought (p. 250), and 
the two materials are then mixed, and heated together at about 
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)00“ K, 'JOu" 0. for au hour or two, until Iho mixturo Ihm oiiu’*^ 
io viscmis to form strings, whon a samplo is drawn nut lor 
je.stiiii:. Tho produot thus oldainod is tliiinu'd by t in* adiiilion 
)f spirits of turprntiim, and tlm lini.''hfd vai'nisli is allowed to 
lott.lo an(l»! uu oil' into storayi' vossris. !t. ap]H‘ars (liat hnlli tho 
insoed oil intended fur \arnisli making and tlu‘ linislied \arnish 
.re improved Ipv kei'ping, though tin- natiiro of tin' elianges 
vhieh they undt'rgo is unknown. Sjx'oifnt direetions a.s to <‘on 
tituoiitsand (ju;mtili(‘s musi- he looked lor in eomjulat ions o1‘ 
ratio recipes, 'fho ])roo<‘ss of drying wliioli an tul \arnisl; 
indt'rgocs, lakes plaei' in I wo stages. In tiu' first im-lanet', llu“ 
olalile sttlvenl, tsjiirils of I urpentine) evaporates sptinlaiiettusly, 
ea\ ing a stit'ky film eomp(*setl of the re--in ami drying^ oil, wliieh 
lave been usial for making l he \arnisli. d’he latter then tines 
ly oxidat ion, and a film results, eontaining both I he resin and 
lie oxidised proiluels of the drying oil. d'he tpialil v of this illiii 
lejiends naturally Itolh n]>on the n.at iirt* of it s m.alerials, and i he 
kill with whieli ih. varnish ha.s keen prepared. The resins 
niisl be (diosmi .so tliat the film, i hough hard, is not britlle, hui 
ough enough to resist a fair aaiioiint of we;i'* atid tear. 

(■J) Spirit Vtirnishes. 'fhese a,r<‘ of the simjilest deseri])i ion, 
iierely consisting of solutions of any suit.ahh' resin in any appro 
Miate yohitile solvent. The r(‘.sins most eommoiily eiiiployi'd 
le siielhu, sandara--, ehuiii and mastic, and t he coinuiom ,U. 
ohaMils are miM livlated spirit, spirits ot' l.;ir]>enl ine and its 
■arioim substitutes, a,tid occasionally ac<d,om‘. The im-thod of 
u'cparaiion consists iiK'rely in warming the resin with its 
oUeiit, in a ve.'-sid heated )>y steam a.nd provided with an 
gilator. It is titled with a still lurid and w'orm, to reeovci- 
iis' of the solvent whi<di may distil over during tlu^ ]»roe<‘ss of 
lissolutioii. Tlu' drying of spirit varnishes is simply the 
'olatilisatiofi ol' the solvent, the (|uality of tin* film hdt. bidng 
lc[ien(lent on the nature of tlu' n‘sin.s tisial. 'I'hey an' greatly 
nferinr to oil varnislw's iti durability. 

lleeently, varnishes for sp< eial purposes, such as tiie slight, or 
oiiiporary yirotection of hrigiit metal surface's, have hi'cn maih* 
iv dissolving the loiver jiroduets of the nitration of cellulo.ie 
see Ah’/hosh'c.v, Vol. IT, Chap. .WIL; ill solvents such as 
Licohobcthcr, amyl acetate or acetone. 
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CHAPTER XI. 

SOAP AND CANDLES. 

I. SOAP. — Soaps are tin; alkali salts of fatty and resin acids, 
soluhle in water and ca])able of .i,dving a lather. Inasmnch as 
th(!y ;iro made from vegetable and aiiimai oils, they consist of 
the alkali salts of such acids as occur in these oils (see p. 2ol)) 
together with tliose of the acids of common rosin (s(‘e p. 
(Jaustic soda is generally em])loyed in the process of soap 
}nakiiig, usually yielding hard soaps, while caustic ])otasli gives 
as a rule soft soaps. Eor the chemistry of the action of caustic 
alkalies on fats S(>e p. ‘211. When free fatty acids aie usod for 
soap making, saponification can be (‘fh^ctod by alkaline carbon- 
ates, which are also capable of acting on neutral fats ai hii^h 
t('inpcratur(‘S, under pressure. 

RAW MATERIALS. — The fatty matter nn)st commonly 
used for good soap is tallow (palm oil and rosin being fr(M|Mently 
added). A soda soap from this fat is hard and comparatively 
insoluble; complete saponilication without excess of alkali is 
ditiicult. Non-drying oils — e.g., olive oil — also yield hard soda 
soaps. Semi-drying and drying oils — e.g., rape, linsfmd, and 
fish oils — yield somewhat .suit soda so:ips, and are, thendore, 
generally used for making potash soap which is intentionally 
soft. iSonie oils containing low'or fatty acids, notably coco-niit 
oil, are easily saponified, even in the cold, and nevertheless 
produce hard soaps. Waste fatty material from a large number 
of industries is generally worked into soap, the product varying 
according to tlie cliaracter of the fat. The most important of 
these materials is the “red oil,” consisting largely of oleic acid, 
obtained in the manufacture of stearic acid for candles. 

The description of the manufacture of caustic soda and potash 
is to he found elsewhere (see Vol. II., p. dh, and Pofasli^ Vol. II., 
Chapter XVTTI.). On account of the fact tliat saponilicaiiou is 
generally conducted with a comparatively weak lye'; the solu- 
tion of caustic soda produced by the action of lime upon sodium 
carbonate solution suffices for the need of the soap makth-, who 
therefore frequently makes his own lye. It 'is believed that the 
detergent property of soap is increased by the addition of certain 
alkaline substances, such as sodium silicate and aluminate. No 
such plea can be urged for inert mineral matter — e.y., barium 



MOTTLED SOAP. 


sulnliato, kaolin, and fmoly-jiowdcTod pumice fntjUciHlv ummI 
as filling iVir common .soa})s. Soiliuin sulphate is soinfiimcs 
similarly used in the manulacture of cold water s..a)i. :iiul 
watm’ itself is often present in enormous proportion -.7., ifiJ 
1 () 70 [)er,cent. Sugar is also used in making triinsp;uaMit 
soaps, and various colouring and scenting ingredients aia' cm- 
plovcd, es]»ecia.lly for toiicl soaj). 

processes' of manufacture. — When frc,‘ fatty 

acids an* used as the raw material, tlie process consist ^ esseii 
tially in gently Inaiting the aciils with a small « \<'ess of 
alkali until the acids are completidy neutralised. for all 
otlu'r kinds of ra\v materials the first, part of the process 
consists in h(‘at.ing the. fatty mati'rial aiul running in alkali 
of about. lU per cent, strength, little by litih'. so a.s first 
to emulsiiy tlie. fat. and llnui gradually to saponify it, t.he 
comph.'tion of the process heing judged by testing for the pia's- 
ence of Iree alkali. Stilt is a»lded to tlie contents ut the 
copjier containing the soap, .and the soap is thus thiaiMU out 
of solution, it being insoluhle in brine. It risi's to the u.j>, and 
die hrine, containing the glycerol of the fat treed by sa.p<milica- 
tioii. is run off, hresh lye. is thmi run in and the Inauing iv 
peale.d, any re.sidual fat. ladng thus saponified, and the soap, 
wliich remains undissolved in tin* caustic liijuor, being w.asln d 
tree from a !h ring s.all. Tlu' subs(M|U<‘nl Ireatinenl \aries 
according to whether “ CUl'd,” “mottlecl,” or “ lilttMi ” ,Miaj» is to 
bo jirodtictel. hor curd tin* soap is taken into solution again ami 
allowed to rest until tln^ dirt has settled; the surplus sialm' is 
then evaporated, and the. soa]» is run into iVa.mcs wlmro it 
solidities, ddie s«‘])ara.t.ion of the lye is not. ipiito compltkc in 
tliis jiroces.s, so tliat tlie tinislnal .soaji is soiinovliat ulkalim-, but 
oonlaiii.s less water than most otlim* \ arieties. 

Fitted soap is similarly treated, but is alloweii a longer time 
for sul.)sid(me.c, and the hoiling down is omittod. the tinislnal 
product vill oiiviously contain more water than cunl soap, but 
be more nearly fre.e from unsat nraled .alkali, the lye heing given 
time to .settle out. “ihdmrose'' soa]> is the cominonesl example, 
oi !i fitted soap, tlie raw materials sujioiiifiial being tihoui 7 jiarts 
of tallow' and 1 of rosin, (llosin soap alone cannot b(‘ precijii- 
tated with salt, but Ji mixi'd rosin and fatty son.)) is readily 
se{»arated from its solution in lliis manmtt.) Mottled Roap, it 
genuine, i.s manufactur'd similarly to curd, but is a second lime 
boiled witH lye until tliis has* beciiim', stiong (uiough to pre- 
cipitate the soap .again. It is tlie.u run directly into the fram(\s 
after tl?p surplus lye has settled. Tfie frames are. jaeketed .and 
the .soap cools slowl}, a eircumstance which causes the total dirt 
of tlm materials to segregate in the Ijnes which are last lo sididity, 
])roducing a mottlefl 'a]>j)caranco in tlie finished product. Sim-e 
more tlmn 20 per cent, of wnater prevmits tlii.s segregation, by 
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allowin'^ too rapid subsidt-nce of the impurities before tlie soap 
])ass(;s to the frames, mottliiii^ is ueiierally regarded as an indica- 
tion of fret'dom fi’om excess of water. Seeing tliat now artificin i ly 
mottled soaps are made in which the addition of sodium silicau' 
solution is found to prevent subsidence even though ivuch water 
be present, this criterion of purity no longer holds good. Origin- 
ally ferrous sulphide (from the crudi^ alkali used) was the cause 
of the mottling; now rnangam'se dioxide is used for artificially 
mottled soap). Wlien it is d(^sired to incor[)orate any jiarticular 
scenting, colouriiig or disinfecting material, th<^ soap is usually 
run into a. “ eriitch-pan ” (a tank witii an agitator) on its wav 
to tho frames, and the selocted ingrediejit liere worked in. 
h"raudul(‘ntly wot soapis may he exteioially hardened to eonei'id 
their true character, by eexpositig tliem in a steam closet to a 
tfiiiiKM'aturo sulUcient to dry the ontm^ skin, the interior nnnain- 
ing wet. In soaps of tin* above-mentioned classes the process 
of manufacture involvi's the s(‘paratioii of (he glyc(*rin in the 
lye. (Jhcmi<‘ally it is prai'ticabli* to recover tliis glycerin bv 
}>r('eipitating tlie residual soap liy the. addition of lime, concen- 
trating, lisbing out the n'sidual sodium chloriile and distiJliiig, 
but the cost of tlie proce.ss is usually too liigli to allow the 
jtroduct to com[)ele with tin' glycerin obtained as a bye-product 
111 candhi making 

JM ucli soil]) is, liowever, madr without .separation of tlui 
giycmin. Thus, the oil or fat is gently heated (to about lo' (1, 
1 LT h.) and mixed v itli warm lye. The mixture is covered 
and the sa})oniiication allowed to pu'oceed slowly. The soip 
usually contains lioth fna* fat and free alkali. TTie addition of' 
sugar solution produces a tra.n.s])ar<'nt s<»ap ; an I'xccss of alkali 
is neci'ssary in this ease to ensun* a good appearama*. Soajis 
of this class are oftmi sold for toilet use. Soft soap is al.so made 
without .separation of glycerin, by .saponifying drying ;ind 
semi-drying vi'getahle oils ami fish oils with caustic potash iii- 
sti'ad of soda. The gn*eni.sli .shade of much soft soap is due to 
the presence of hempseed oil, unless it he artificially communi- 
cated by tho addition of ultramarine, or indigo. The white .specks 
.soiiK'time.s pinvsent (“figging”) are simply potas.sium stcarattg 
and are no guarantee of good (jualiiy. Marine soap is made 
from coco-nut or palm-kernel oil by gentle heating with strong 
soda lye, sodium silic&te being frequently added. This addition 
increases the capacity to take up water, soa})s of this kind oftcni 
containing more than 70 per cent, of water (see p. 2(/i). Toilet 
soaps are made from best yellow soa))S as a stock, and arc 
mixed with perfume, <fec,, the process being known as “irtilling.” 
The stock is cut into fine sliavings, which are partially dried 
and are ground with the ing;redients to be added. The paste* is 
moulded into cakes by hydraulic pressure. * Transpaiimt soaps 
of good ouality are made by completely drying the milled soap, 
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di.ssolviiig in alcohol, aiul distilliiii; oO the solvmt, tlu' trims 
parnicy »>t tho suap thus prepared Ikuiii; incic'ased hv the 
addition of syrup or i^lycerin. Coimuon, much - ad v ert isi d 
varieties of this class of soap lia\'e a nauseous siiieil, ari-viiiL,' 
Iroin tlH 4 use of uictlivlateo sjdrit as a solvent in place of 
})ure alcolu)!, ami are m()reo\(‘r lieavilv loaded with m^ar. 
'Toilet soap tablets are Ireijuently treated with wet steam for a 
few secoitds so as to elaze the exterior; more t x})ensi\e varieties 
are jiolished hy hand. Sjx'cial ‘‘.seourini;” and “household" 
soajis otten contain linely-divi<hMl sand or pumi«-(' po\sder \i]» 
to 70 per cent, of tlu' whole, wliilst other.s are laruelv composed 
of cari'onate of soda, the evound crystals or dry soda li. im:; 
imed, and fancy values assiencd t<» tin- pj-oduel I'rom a 
hyoietiie point, of view, for personal u.'e few soap, are so 
^n)od as common yellow Tit.tcd .''da]> from a rcpulalde niai^c'r. 
Disinfectant soaps are ordinary soa|>s ((• which ati antio piie, 
such as carbolic acid, creijsote oil, or a terpem*, lias In (Oi add' d. 

'r!i(‘ term soa]) i- sometimes used (o inclmle tin* lady ai'id 
salts of metals ot la'r than lliose of I be a.lkalie-,. A (vjiieal soap 
of ibis elass is ‘‘ i<‘ad soap, ’ or “ hrnl plaster," made by heatim.; 
lead o.\idi‘ with olive oil and walei-, or le, double dceomposihon 
of a, lead salt iml an a.lkali soa]). It is a, wbit.e waxy material 
nscal in plnann.iey, 

'TIk' (alls-' f the .leleroi'lil a.etioli of soaj) lias Ixs'ii a:- .^i '..ohm 1 lo 
various rea.etions r.y.. bytlrolysis w it li ilm liberal ion ot' alkali, 
or with 1 1 in proi biet ion ol a basie .and an aen I sal I < >1 tin* la! I y aenis 
})r(“scut. 'The known power of soap to emulsity preasy matmoal 
and to inciMMise t.li<‘ bi’owniaii inuveinent lias douhtle,.-; mueli to 
do with tbe detereent. aciion. 

II. CANDLES. - -d'be raw mat.erials for eamile makinp aia* 
(1) ethereal salts ol liitty aeids la,ts ami wa.xes ; {' 1 ) tatty 

aciils prepared l)y the hydrolysis ol’fats; ('\) hvdroearhons. 'I'lio 
essi'iitial conditions to be lullilled by a substaime tor candle. 
makiii,4 are, that it. should lie easily (Munhustihle, fairly fusihle, 
and cajiahle of ijurniiie; williout. appiMa-iahly developim; smok<*, 
or simdl, when <M)mlmslioii is not, aideil by .artilieial draiipdit. 
All tliese classics of eandh' inakiiiLt materials are not (Mpudly 
(d!tci.-nt : thus ,i;lycoryl salts— i3.i/., ta,llo\v j^dve a smoky ami 
ill-smelling llame, from the incompleteness of tlieir eomiiustion ; 
similarlv, many hydrocarbons — softfparalhn wax liiMMunc 
plastic at .so low a temperaturii tb.at the form of the, candle is 
not red allied v/bilo burning. A like, objeidion applies to many 
fro’ fatty acids. The fumdion of the wick of a <-aiidle is to 
spreafl the combustible material o^ei a sulVicient iirea to allow 
of its rapid volatili talion by the heat C)t the comhiislion already 
])roceediiig. It is obvious that, masmucli as this spreading is 
du«^ to tlie capillafity of the wick, this ipiality must he adapted 
to the diameter of the camdi* (to maintain a fully incited ciii) ot 
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liquid fuel to supply sufficient combustible matter for the flame), 
and to the melting ])oint of its material. In all candles hut 
tallow dips, the wick is of plaited yarn, flat in form, and its 
burning end b(.‘nds over, and protrudes through the side of the 
candle flame, so that it is consumed pari passu with t^e candle. 
In tallow dip.s such a wick is inadmissible, because the very 
property which renders it serviceable in other cases — viz., its 
t(m{lency to curve over — would shift it from the centre of a 
candle so plastic as is one made of tallow. Wicks for tallow 
dips are still made of twisted cotton, and require the use of 
snullcrs. 

Cctci'is paribnSy the higher the melting point of the material 
of the candle, the smaller tlu' difficulty encountered in regulating 
the burning V)y an appropriate wick. The wicks are occasionally 
treated by steeping them in various salts — c.^., jdiosphates and 
borates — which improve the burning, though the rationale of 
their action is by no means clear. 'I'he simplest method of 
candle making is that practised for tallow dips, which, as their 
name implies, are made by repeatedly dipping a hunch of cotton 
threads into molten tallow, and allowing the tallow to solidify 
on the wick Ixdwecui tin* dippings, the process being ic^pcalcd 
until t}u‘ candle is of suflicient diameter. On account of tlic com- 
plexity of the combustible, and of the impossibility of burning the 
wick nnifonuly with the camlle, tallow candles give a nauseous 
smedi when l)lovvn out, because, the glowing wick destructively 
distils a portion of tlie fatty matter, acrolein, a highly irrit ating 
substance derived from the glycc'.ryl, being probaldy a product. 
Pressed coco-nut oil (coco-nut “.stearin”) is used for making 
nightlights, though palmitic acid, tallow “stearin” (not the 
acids, and paralliu wax are also used. Anoth(U’ raw material 
wliich needs little preparation, and is applied very simply to 
the manufactun; of candles, is beeswax, yielding, however, the 
highest grade of candh'S instead of the lowest, as does tallow, 
ddiis superiority is based rather on cost tlian intrinsic imu’it. 
Wax is prepared by the candlemaker by shredding it, after it 
has been cleaned by washing it with hot dilute sulphuric acid, 
and exposing the shreds to liglit, whereby the wax is bleached ; 
the bleaching is aided by the addition of a small quantity of 
fatty matter. Chemical bleacliing with chromic acid, chlorine, 
ttc., yields a wax less fltted for burning, as the granular char- 
acter of the wax is accentuatial, and if chlorine has been used, 
substitution products are formed whicli give off hy#irochloric 
acid on burning. Owiu-jf io the fact that fused beeswax con- 
tracts greatly on wax candles are not cast but 

“ poured,” the process consisting in suspending the wicks on a 
flame, and ])Ouring the melted wax down them until they have 
become of the requisite tliiclaiess. They are’tlien rolled on a 
slab under a board to the re<juir(‘d d’mensioiis. 
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TliP variety of next in simplicity, in of its 

manulactur(\ to tht* lorryttin;^' classes is that made dt paratliti 
wax (s(‘e Vol. 11., pp. irj ami loL’). The melted ]>aia!hn is 
poiiia'd at a tem]>t‘i-al are ul‘ ahout iStV f’, Sl* 0. into eaiidie 
iiiouKls siirround(‘d 1)\ water at Id (\ The hot 

vat(‘r is immediately ilrawn oil and cold water sul st diiled. in 
order that the candles ma\ he lapidly clulled. The iiot- water 
is neei'ssarv tn prcM-nt the j^aratlin from set I ini; on t he outside 
imtiiedialcdy it. (lows into the nmiild, :uid the ra.pid i-odliny is 
essential to ]ti-event tlie candles from stiekiny to llu' moulds 
A eandleimmld consists ot a metal lids'. ..f the shape of ilic 
candle, with the wick stretched aloiiy its axial line. 'I'hese arc 
arranged in sets with meehanieal a]ipl ianees t'or eastiic.; and wilh- 
cirawiny. I’arttllin eandu*s are t ranslueent. and neurl\ eolourh'>s, 
d’ludr <|iialily vanes \\ ith the melt in- point of tin- pai'allin. which 
ranges trom lOo to ] ltd h'. 11 to (Id When the paratlin 

is ol low lusinit point, the camilc.s pulter ami hnrn wa-tetuliy, 
ami easily hcml in imt weather. A little stearic acid is somc- 
tiiiK'S mi-Xial with ilie pirallin to improve the •pialiiy, 07 , 0 - 
kei'ito (si'c Vol, il., p. Idlj is also nsed in tin- same iminner 
as paratlin wax. 'hlie manufacture of perm (tuncllos Irom 
spi'rmacidi is ^■ondueted in a manner similar t.o (hat emploved 
for paratlin eaiidhts. d'hey hum rather less irri'uiilarly than 
otlier candles, and -'re accordin^^ly adopt lal a-, the (Ir>\ernmenl 
slamlanl ol h.yht, a .standard candle huniiiiy llM) -rains of 
spermaceti per Imur, sixteen such candles wmyliiny 1 11). In 
Loudon and ;i few other l.owns the pentane lamp (sec p. V'ii 
iias lately become the standard, and it seems possihlc tli;it in 
the future sperm ctindles will he. allouether ilispiace.d hy this or 
some, simihir lamp as the tiovernment standard. 

The ])re])aration of fatty ticids for tlu' niiinufacture <d etmdies 
constitutes an important chmiiical industry. Various means 
may be employed for tin' hydrolysis of the neutral fats and 
the obtainment o*’ their fatty acids. The chitd' raw materials 
tor the prt'paratiou ot solid fatty a(‘id.s for ca,ndi«‘ inakirjc 
are tallow and palm oil, any less solid fat ^'iving too poor an 
output of fatty acids of high melting ytoini. Ilydrolysis of sm-h 
fats may be ejfcctt'd either by .saponifica.l ion witli a ba,se or by ilm 
(liicct action <,>f watri- or an scid. (n the flrstca.se tin; saponi- 
fication may be (dfta.led either in ati openj^)an or umler- pressure 
The l)a.se used is lime, of which 12 to lo jic.r cent, is re.qulrcd in 
the op<‘n pan process, and 2 to^ f }»er cent, wdien the o])eration i.s 
comlucted%nder pressure. In tin*, former instance! sa})oniiie:it ion 
pi'ucceds as in soaj) making by eompleU^ union of the linu' wit li 
lie.) fa?ty acids, and separation of the glyoerin. In the latter, 
the quantity of lime is insuthcieiit fm- saturation of tlu! w hoh* ot 
the fatty acids, tiui base scii'ving tft initiate hydrolysis wdiich is 
completed by the action of the steam. The ojx-n pan process 
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consists in rneltinii^ the fat in a lead-lined vat, runnini;- in milk 
of lime and at^itatini; the mixture while steam is blown in. 
(-J:il(;ium stearate, [cilniitate, and oleate are foniie<l, and "lyeerin 
is set free, tlie, anueijus liijuid containing it being drawn oil' and 
wrnlced up for glycerin (v.i). Tlie solid lime salts, “rock,” are 
bfnled with dilute* sulphuric acid, and the fatty acids tlius liber- 
ated. These lloat to the t()]>, and are skimmed olf to be again 
boiled with ve.ry diluti* sulphuric acid, 'fhe fatty acids an*, cast 
into Hat cakes and these are .submitted to hydraulic pressiirig 
first in the cold, then at almut 30“ 0. = 80“ K., and finally at 
about 50“ (J. 122“ F. The liquid fatty acids, chieily oleic 

acid, are thus exprossml, and are sent into tlie market as 
“red oil” (see p. 2G4-) or “olein” used for soap making. The 
pressed cake of stearic and palmitic acids (so-called “stearin”*) 
IS melted with very dilute sulphuric acid, in oriler to decompose 
any n'lnaining liino salt. Tin* purified “stearin” is cast into 
blocks with the addition of a little beeswax, vegetable wax. or 
parallln wax. This treatment prevents the formation of visible 
crystals, and is known as “ breaking the grain.” The product 
is I’eady for casting into candles. 

The method of hydrolysis with a limited amount of base 
under jiressure is con<lucted in a stout copper vessel called an 
autoclave. Tn this the fat and lime, magnesia, or zinc oxide 
(2 to 3 per cent.) are mixed and Ht<*am is blown in until the 
pressure rises to about 8 atmospheres (or to 12 to 15 if tallow 
be the fat undergoing hydrolysis). The product is treated for 
the separation of solid and liquid fatty acids in the manner 
described above for the pan process. 

A process somewliat different in character from the foregoing 
consists in the hydrolysis of the fat by superheated steam, and 
the concurrent distillation of the products of hydrolysis — 
viz., fatty acids and glycerin. This is rendered possible by (lie 
inlluence of the steam in carrying over botli kitty acids and 
glycerin at a lower temperature and with less decomposition 
tlian would be the case if steam were not u.sed. In carrying 
out this process the fat is melted in a still, heated to 30T (J. 
572° F., and superlicated stbam is blown in through a pi'i forated 
pipe. The condensers consist of a series of vertical pipe.s, in the 
earlier members of which series the fatty acids lor the most part 
condense, the more volatile glycerin collecting in the later mem- 
bers. Com])Iete hydrolysis without breaking up of the desired 
])roflucts needs careful regulation of the temperature. #Anotlier 
method of liydrolysis is that in which the fat is treated at 

* I 

* The terms “stearin’' and “olein,'’ teclmic'.'.ly 1 to the solid and 

liquid portions req)e •livclv of the fatty aeids -.-Ti j..;- candle making, 
must not he ennh emit 'll wiili tlie ^iine words used to denote cither tlie 
solid and liquid portions of neutral fats obtained by expression, or with 
glyceryl tristcarale and glyceryl trioleate. 
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to 177 {]. AO-y to :'ir)0 V wilh soni<* ?> lo •’> por ffiii of 
sU'OTio siilplmi u; ;u'ul. Alo r :k-n:tlit)U aiul a pa'viod <.r iho 

fat will l.avo l>ecii iTokm n}>, and oilu'r ori^anu- niallrrs j'la Ncnt 
will have Isrnn cliari'nd. 'I’hr mass is 11\on iMult'd witli waltn aud 
oju n sloaii^ and 1ln' ^-nidr iali\ aoids arc scparatc<l and In aU'd 
t'dlld ( 'J } r 1’’. to tcnn)vc tlm rcinaindn- of (he ualcr, and 
distilled in a lairrcid. of steam ai a imiiperaiure a little lu low 
a7d' A IdaeU tarry reiddlue t)f “ steai'ill pitch” 
(aliout. 10 pm- cent.) is li ti in the retort, and is used a^. a 
suhstifnte for asphalt and ot.her Itituminous mati-rials in makiiiu; 
hiaek varnislu'S— e.f/., .lajiaii hlaek. The, mixeil tatt\ acids ar*' 
jiresscdin tin* usual way, tiic liijtiid portion ronstit iit itiy tiislilled 
olcdc ticitl in contradistinetioii to tliat won l»y sajMudlieat inn. 
Tin' output- by lids ])roeess is somewhat hielier in solid fat tv 
at-ids (7)5 ]>er ci'ut. as aejainst to ]>m- cent.) than that ol' the 
proci's.si's }in'viously di'serihed. d'he reason for this is that a 
{'ortion of the oh'ie- acid is uonvi'ried into iso-oieii- acid lineliimj; 
point 45° 0. 1 15° F.) i)y tlm action of the sul}>liurie acid, riic 

manner in which tin' suljiliuric acid acts, ajipcans to consist in 
the lih.oration of tlm fatty acids with the fonnatioii from tlni 
glyceryl of a glyceryl sulphuric aci<l having tin*, lortnuhi 

I OH 

( t)C,H,(011),,. 

A large portion of tlic. glycerin is deccmiposod and lost. Som (5 
of the oleic acid (being uusaturated) combines with smim of llie 
sulphuric acid to form the compound, 

( COOU 

f ()S( ).,0|{ 

•which subsi'quently reacts wiili water to form hydroxys! cario 
acid. (!jh11,(j(() 11)(10<.)11, and sulphuric acid. llydro.\yst,earic 
acid on distillation jit a high (<mipera( ure Ios<‘.s a moleculo 
of water and condenses to iso-()leic acid, (b', d )! )1 1 Siib 
phuric acid is also used as a hydrolytic agent in a somewhat 
lilfcre.nt way from that just (heserilied. The fat is mixi-d, in 
an open vat, witli about i to G per cent, of concentrated sut- 
phuric acid, the temperature, being aboiwt 115' (t F. 

The albuminous membrain'S of tlie fat are (h'struyed and 
incipient If'drolysis is induced. Water is now added and 
the hydrolysis completed by boiling the fat with tlie diluted 
aci<l wlwch results. A treatment with oxidising agents — e.f/., 
a bichromate or per^nanganate, is iiccessary in order to cause 
the albuminous matters to settle. ^The free acids are. washed 
and pressed in tlie visual fashion, from u>) to Gd Ait tlio 

weight of the fat-hcing liiially obtained. 
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In all processes the liqui'l fatty acids, amouiitiiiL!: to 

a1)out half the t^tal fat treated, are less valuable than tdic solid 
fatty acids. Various plans hav(!, tluirefore, been devised for 
convertin;^ tlieiri into solid product.s. Of the.se, the .siinph? 
reaction of fusing oleic acid with caustic alkali — « 

C.dlx^'OOH + 2Na()H - C,,lt,,COONa + Cll.VUOXa + ilo 

resulting in tlie production of sodium }):diiutale and acetate, 
has l)ecn us('d. Tin; process, as originally carried out, was 
worked with tint more costly caustic potash, because of the 
coiujtaratively high fusing point of sodium palmitate, wldeli 
led to overlnsitiug Ixtyond the temptu-ature prop<u' to tint re- 
action, and also on account of the pour conductivity of this 
salt, so tlnit a utiiform temperature could not be maintained 
throughout the mass. Later, causbi<t soda was used, and 
parallin wax addi'.d to rfutder lint mass mortt li(|uid, the re- 
aetion being carried out at a tcmperal iire of (k — 58L 
but the process has Ix'en altogether altaudoned for some 
tilin'. Other methods of obtaining sedid fatty acids from 
crude oleic acid are (1) trcsxtnnmc with sulphuric acid, when 
iso-oleic acid is ultimately formed, as in the suljihurie acid 
process of hydrolysis {v.s.) ; (2) conversion into elaVdie acid 
(p. 212) by tiie polymerising action of nitrous acid, <a pro- 
c('ss not applicable to impure oleic acid ; and (d) couviu’sion 
into solid produ{“ts by tlie action of zitic ch!ori<le at 1 80“ 0. 
- .dbtV F., followed liy wasliing with dilute hydrochloric 
acid, then with wati'r, and distillation in a curnuit of 
steam ; the solid part of the distillate consists chielly (7-> 
per cent.) of steal olac tone, 

() CO 

together with sonn; iso-oleic acid.* 

riui manufacture of candles from the solid fatty acids pre- 
pan'd by any of these proci'sses is efh'cted in tlie moulds 
previously described, warm water being used to surrouml 
th(' moulds, the exact temperature required depending on tlie 
tendency of the acid. to crystallise. So^aric acid candles crack 
if, in casting, they are chilled too suddenly, and crystallise if 
coolc'd too slowly. , ^ 

Glycerin is olitained as a bye-product in the .saponillcation 
and hydrol'^sis of fats in «oap and candle making. already 
stated (see a 'oap), difficulty is experienced ip. recovering glycerin 
from s})ent lyes, on account of their dilution and the impurities 

* According to Losvkowitsch, tlie process is a failure commercially, the 
quantity of liquid fatty mattevs obtained being too great. 
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w’uifli ihf v .MMit-iiii. of n-oovorv consi'^ls i,ii!y 

'in piocijiit ation of rosi,ni:tl si):i}' u itli null; of linif, on :> jun al ion to 
’ (.TV'^tnlli,''*' as niurli (tf tho sotiimn olilondo as possililo. noulrali 
.sat ion uitli arid to |>rroljMtat.(‘ alduniinous niattcr, pfiaapil at ion 
of mnainit^iif trai'os of fatly matter .os the salt ol' a metal smji 
as iron, eopp.a* or ahiminiuin. ami a xa-oiul evaporation \\ hen-l'N 
more '-mliuin ehloriih' is separat<al. 'I'liis eiaide ^l\eerlll enMiam- 
ai otu >0 per .'el It . < 'f ( f, M ,( O ! I ) ;, ami eontains sa It , ami t-oinpoiimls 
o! sui])lnu' ami ar.senie (the last named from the suiphurie aeid ■ 
lo tilled elvet-rin, free ti-oia mineral matter, is pr«‘paied i'\ ili 
tilio.o the eriide jirodnet with snperiieated steam (at ‘Jlti ( . 

Id' K.). the distillate ladne eolieeted in a. series of vert le.d 
(omieinsino pi}‘es, the first one or two of which ai e not arti 
fieiall\ cooled, so tliat elycerin condenses almost alone, the 
soMiii ami remaimler of the. '.'.i\eerin iieiiiy' collected in later 
men,hers (;f tile scries, whicli are ja<-(v<'leil with \\ater. 'I In- 
dist.iUed '_dveerin i.- (leroh)ris,e<l hv animal ehareoal which 
lia.s heen freed iVom sohihic' salts hv washing in h^ dro.-hloi ic 
acid. KinalK. eonet>nl rat ion is ell’eeted in a \aeinnu pm. 
Ai.other method ot s<-para i im.'- llie Ha.lf I'om the -jl\eeriM 
is hy diaUsis, as in the dillusiou pioeess lor the ma.iiin 
fanture of snoar (si'c Vol. II., [>. IbUj. I'ho reetoeiy of 
-i\eerin li'.Mu “ sweot'Wator,” which is the a<|Ueous .solution 
ohtained from he sapouilieat ion of lats with liim* or /me 
ONide for candle, maltiny, is a simple process, iiiasiiim-h a., 
tliei'e is no salt, l>e rennued. Mi-ia- e\ a)>ora,t ion is, tiieielm e, 
siilllei(‘iit ti) ohtain a fairly pure elyeetin. I'his is ellecti\(ly 
eomiimted hy means of an apparatus (-onsisl,iiiu <>l a troneh 
eoniainino tin; elyeerin t.o he eom-ent rated, into which paddh s, 
h'ate.l internally hy steam, dip, so thatr l>y tin- revolut.ion ot tie- 
shaft c-arryiiie the. paddles, these latter atai periodically <‘V posed, 
coaled willi elyeerin, to tlie, air, and flu! water is thus driven 
oil’ from the tihiis of ;.,dyeerin on the paddUs at a low te.mpera- 
fare, 'flic process <'an he iniprov<Ml hy e.nelosini' the whole, 
appaiaLtis in a vacuum vessel. Owiuo to tlie volatility of eon- 
eeuM-aled i,dycerin, (‘ven at a tenij'i ramre c.-/., lOO' t '. ft- 1'’. 

- much helow it.s hoiling point, 2'JO’ ( f hot' F., weak ydyei-nii 
eannot he concentrated he.yond a strenetli of 70 to SO per eeiil,. 
hv hoiiino in the air witliout imturring serious loss; liem-e the, 
devices (h-scrihi.’d above. It has been pr«^»0S(‘(l to comaoiirate 
a(jueous elyeerin by freezing it, when the portion whieh solidities 
contains nnye water than the resi- of the liquid ; fnatzing has also 
been applied to tlio purification of e.rudi* eom-entrated glycerin, in 
which c^sethe glycm-in .solidifies (at liO (', bM' F. ), tlm solidifica- 
tion being aided by tfio addition of a crystal of glycerin. The 
finest qualities of glycerin arc made in this way. Glyo.erin 
is a sweet colon rlcfss liquid, specific gravity T202, of great 
viscosity, and raiscilde in all proportions with water and 

IP 
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al<;o]iol. It dissolves many substances — ^,7., metallic salts — 
which are soluble, in water. It tak('S lire at 1 50° 0. = <“•02“ K, 
and burns with a blue ilaine. It is most largely used now tor 
the manufacture of nitro-i,dycerin (see Vol. 11., Chap. XA^TI.). 
Minor uses are in pharmacy, soap niakin<,% lillini;-. apparatus 
which napiire a li(jui<l s<ail, or circulatinjjf li(jui(l, and are 
exposed to low temperature.s — e.ij., wet-gas meters and the 
radiators of motor ears* — an<l sweetening wine. 

* Mixliirrs of elycerin and water have freezing points lower than that 
of eitlier constituent. 
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(ilAri'KlJ XTT. 

TEXTILES AND BLEACHING. 

I. TEXTILE FIBRES. Fttr tlu- of .« (cxtilr r.il)ric 

M'liir mat I'l'iiil of }):i railol loiti^Mliidiiia] strui-t un* ami ooiisidcfalihi 
stKMi^th i.s 'rypio.il .sul*stama‘.s {lossrssod of 

tlicsc ])r()p('rti('s aft* the animal ami V(‘L,mtal)U'. lihnvs wool 

ami coUon - and inorgatiic llLn's, sncli a.s aslM.‘sto.s and sla^; wool 
Iro)!, \^)l, i.). 

(1) WOOL. — Wool i.s an opidm nial append;. similar to laair, 
Imf (lillerini; from it in that it It'iid.s itself hetUT to t<‘Xti!i! pur- 



Kig, 40.— Hair. Fij^. 41, W'nol. 

poses (»n aceoniit of its greater elasticity and its more Ino.sely 
adlierini^ scales, wiiich cause it to felt toi^etlier more readily. 
Tlie dilferenct^ in the structure of woo! and h.iir is shown in 
Fig.s. 40 and 41. 

ft w'ill be seen that there is no diflerence in the internal 
structure, but that the sc.ih-s of the wool fibre are attacheil to 
l!ie steau for a shorter [»oiLion of their lemi;t,h than are thosi* of 
die hair tibre. As tin- si'ales of such fibres interlock when 
brought into contact, it is jiossilile to sj)in the individual (ibre.s 
into a ('ohci’cnt thread. ‘‘ I )ise;i.sed ” wool will not intei lock in 
this manncrffrom the iniji'-rfrction of tlie scales. The mechuidcal 
and clieiidcal treatment of wool, previous to spinning, has chiefly 
for its object the cle.ansing and openiftg out of its scales. 'I’he 
length of the iudivi<’ual fibres of wool (known as its ‘-staple”) 
varies from 1 iiicli to 1 foot, or even niore. 

Tlie characteristieVonstituent of hair and wool fibre is a nitro- 
genous body termed Keratin, whicb appears to be ident:>:al witii 
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th(' substajice ('xisting in horn, 
wool fibre is — 

The average composition of 

P.T 

(!iU'boti, .... 

vj-2r> 

1 1 vdfoL'i'ii, . 

T'aT 

ttxyyi. 


NiiieL'iii, .... 

l.vsii 

Sti]])hur, .... 

Ibtih 


Raw wool consists of wool libro associat'd with woo] iat. wool 
sw(':it (suiiit), water and dirt (ktiowii (Collectively as “yolk’) ; its 
coin]»o.sil ion varies Ijelween wid(c limits. 

'flue liy^^roscopic charact'r ol’ wool is, to a certain extent, 
(Icfiendent upon its percentaj.je of fat; the greater the amount of 
fat, tluc smaller tin.' «|uantity of moistur<‘. in coiise([uoiice oi 
this, wool should always Ixc bought and sohl o]i its analysis, 
flaw wool has to Ixc fnu'd from .suint and fat b<'h)re it can i)i* 
spun. b’or this purpose, it is wa.shed, several nu'thods being in 
Use. tlrdinariiy the wasldrig li(juid is water, suppli'mmited by 
weak potash soap solution, but volatile solvents, sucli as petro- 
hnim spirit and carbon bisulphide, have also been propos('d. 
Soda soaps, to which crosoli(c acid has been added, hav(' ai.'.o 
been used. In tine wasliing both wool fat and suint are la'ii o\('d, 
and may be recov(!red from the wash water by precipitation 
with sulphuric acid, the product being known as wool grease. 
Wool fat is not a. triu' fat, but consists of tluc alcohols choles- 
terol and iso-cholesterol, and the oleat'S and stearates of thes(5 
bodies. 

Crude wool grease is used for tlie manufacture of lanolin, tin.! 
form in wliicli chole.sterol is eommercially u.si'd as an unguent. 
d'h(' gr»'as(* consists of chole.sterol (about 7(.) per c(*nt.) ajid fatty 
aeids (.‘30 p(‘r eeiit), precipitated by .sul[)buric acid from the 
potash salts pi’cscmt in th(^ unwashed wool and from the soap 
u.s<*d in washing it. l>y tri'atimmt with caustic soda tliest' aeids 
are dissolved ami an emulsion is forimnl, from wbiob, on dilution, 
crude lanolin soparate.s. lianolin ow('s its tlnu’apeutieal vahu' 
largely to the fact that, unlike' fats, it readily emulsifies with 
water and is rapidly absorbed by the skin. The substance com- 
moreially known as Yorkshire grease is the total fatty matter 
recovei'Cil fnun tln^ wati;r ns('d for wool washing, .and froin that 
used to cleanse tlie wool from the oils ('mpl(.)V('d as lul)ri(,'auts in 
sj)inning. Hence, besides fatty aeids, neutral hits and cholesterol, 
it may contain mineral oil, should the latter have been used for 
lubricating the wool. Wlu're the wool fat, is not wo ked up for 
lanolin, potash is recovered from the potassium salts of tatty 
acids present in the true sweat (suint), which is the poetion of 
tlu* “yolk” soluble in w.ater (sec Potash salts, Yol. 11., Chapter 
XVlil.). The presence of potassium s.alts, tending to form 
soaps, in wool grease doubtless aids the emulsification of neutral 
fats, and the property which cholesterol possesses of emulsitying 
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Avitli water has a similar inlKienee. Tliese Tacts cxpiaui ilio 
etlicacy of watrr lea' rleansiu^^ 'wool. 

(’Icaiist'd wool lihro has a sjtocitio L^ravity of 1 ‘.'10 : n is not 
.'■asil\ acted oii hv dilut»‘ (•ri^aiiic or miiu'ial acids, Imt is attacked 
li\ ( \ <‘u dilute alkalies, espci-iallv when liol, hein^ in th<‘s<' respects 
similar to otlier animal lihres (f 7.. silk), and dist inynislied from 
M'Ltetahle hlnas, simli asc(»iion. which are more readily atlccted 
hy acids than 1)\ alkalis (r.o). 

'-) SILK is the secretion of tin* caierjiillar rn-tnijix viori 
Used in the formation of the coiaton in which it ('lueloju's itself 
pre\ ious to jKissiin,^ into it s chrvsal is condit ion. Silk fdin- heini' 
a L,dulinous secretion, ilried in tin' form ol' a thread, has no 
1 haracterist ic striiciun' hke that of ^^o<*l, latt consists nierriy 
of a I'ore <»f tin* nitroirenons l>od\ fibruill ■ cona-spondine in <‘om- 
['ositi(,n with the idrninla ( 1,', 1 1 -.N surrounded h\' a eoat- 
iiiLt of silk fflue, tiimlher idtro-enotis suletaiiee <’alled Sei'icill 
(( k I i ,,Nd 'vhich is }*artly solulde in hot water (<> a eda! iiioiis 
sointiiai. .Mnhh'r ydves the followinif atial\sis of Ne.ijiolitan 
raw silk • 

v< 1 r, 

I'itireiii, ... . . .'lit 1 

(iefitili, ... . . ‘J(l n 

NN uk, rcsni and fit, .... I'd 

i 'iih>m ill'' nialt*"', ..... <i (la 

All. imm, . . . 21 I 

!t is proli.aliha hoW('Ver, that the snhstanee rei'orded as allmniin 
is an nlieraiion product, of lihroin, the p('reenta.ee of which is 
tliei'el'ore areati'f than that. ad\en al'o\e. .As in pract.iee, the 
ioy< hy “ hoilino oil’ ’ ''/.r . ) is 1'rom Lfh to dO jiei' cent.. ( he tnmmnt 
of n'sidual m.aller reckoned as lihroin may lie put down as 
7" to lb ])('!• cent. In wdndine raw silk front the cocooti, Iho 
silk ,i,dtte is only softened, not di.ssolved. (Complete i-eimo'al 
of tJie silk tfkie can ho ell’ecied hy hoilinyf, ami is nee. ssary in 
Cl I'fain stages of t,rc..„tnicn( of silk, w hi<di arc descrihed later. 
'I'iic hchiivioiir of silk lihrti to reagents is as follows; If is 
wiakeiied hy jirolona^'d lioiiin;.^^ willi water, hu* to ii smaller 
e.xlent than wool (Knnhl). It is also less atfaeki'd hy alkalies 
than is wool, the re\erse heine the ease, witli regard l,o acids. 
It cannot he successful I y hhcndied hy chlorine as it is allai ked 
tlicrelc, and is aceordim^dy treated with milder lileacldni; a;.;cnts, 
such as soaj). Various ‘‘wiM’' silks are used to a e.onsiderahle 
extent, that from tin- cali.Tpillar Anth^n'aa rnijliild, e.onstitutiiiLt 
tiissur silli. Unlike silk from the silk worm, tussur .silk is 
not formed of :i single tliread from whicli the wdiole eoeoon is 
spun, I k! of sevimal di.seontinuons tliread.s, oii wliid) account it 
is less easy to sjiin. Its fibre is larger and more elastic limn 
tliat of ordinary silk. It. is more hi^ldy coloured, :iiid has to lo 
bleached hy hydrogen peioxiile. 

►Silk lihre is very hygroscopic, and sliould he .sold on its 
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analysis. Its speciiic gravity is about 1-33. Artificial silk 
is at present largely used, especially for decorative purposes. 
It possesses a greater lustre than natural silk, but does not 
resist the action of water so well. It is made by nitrating 
cotton with a mixture of 15 parts of fuming nitrio acid and 
85 parts of sulphuric acid, about 35 litres of the mixed acids 
being used for 4 kilos, of cotton. The nitrated product is freed 
from excess of acid by pressing in a hydraulic press and then wry 
thofougiily washing with water, after which it is again pressed 
and dis.solved in nearly five times its weight of a mixture of 
equal parts of alcohol and ether. Dissolution requires fifteen 



Fig. 42. — Cottuii. 


to twenty hours. The collodion 
produced is filtered through 
cotton wool and kept for some 
time in closed vessels. It is 
then converted into threads by 
forcing it, under a pressure of 
40 to 50 atmospheres, througii 
a tub(‘ having a numlx'r of 
openings mm. in dianuder. 
'Fho ether evaporates imme- 
diaUdy, leaving solid white 
tlireads, from ten to thirty-six 
of which are imm(Hliat<dy sjuin 
togetlnu'. In order to tlior- 
oughly dry these threads, tin y 
are wound and unwound in a 
room kept at 15“ C. - 113“ F. 
through which a strong current 
of air is forced. The inflam- 
mability of the material is next 
reduced by treatment with an 
alkali sulpliid*^ (probably am- 
monium sulphide), and the yel- 
low colour })roduced during this 
treatment is then removed by 
means of a mixture of chloride 
of lime and hydrochloric acid. 


The thread is now ready for use. Artificial silk is also said to 
be made by similarly' injecting into an acid a solution of cellu- 
lose in an ammoniacal solution of cupric oxide. Threads of 
gelatin rendered insoluble by means of potassium obichromate 
or formaldehyde are said to be applicable as artificial silk. 

(3) COTTON is the fibre surrounding the seeds o^’ plants 
of the genus Gossypium, several varieties »of which yield com- 
mercial cotton. The cottop fibre (Fig, 42) consists of a tube 
of irregular shape, having walls of approximately pure cellulo.se. 
It is seen nearly })ure as nnspun but cleansed cotton (cotton 
wool). Its compositior. is given as follows (Ihigo Muller ) ; — 
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Cellulose, 

Pit t ent 

. HI 

MoiHtiire, 

Ton 

Wax 

O'lO 

A(iueou.s extract, 

0 [){) 

Ash, . . 

• 

01 2 




'I'he coimntM'cial ijuality of (‘ofton i.s dotormined by thr niii- 
Ibniiity ul dianniLer and tlio U‘n;^'th of “ staple’’ ol' tlu* iil)rt‘, 
the ioi'iiKT vaiyiin; from OObOl to b'OOl ineli, ronl ilir hiii'M 
from 0'77 to I SO ineli. It is but Hllh- adarkril by diiiiio 
acids in th<' ('old, but at IdydnT ti-mpcr ti urc^, or by >(r«uiycr 
a<’ids, it is acted upon, iicromiULt dnsiute_t;ratcti. It. is only 
sliy;htly attarked by lono l(uiiiii>i with dilute alkalies in absoiieo 
of air, but when air is presi'io it becomes converted into oxy 
eeliuhisi* (sta* M rTrcrushnj, p. 'JSti). beini,^ nearly pure eelliilose 
it la'liaNM's like this (‘omjxmnd towards ^tronu aeius (see ,\'i!ri>- 
c<‘.ll Vd)l. XV 11.). It can be* bleached by chlorido 

of lime without underuoinu; appreciable detm iorat ion. 

(4) b'LAX is the bast, libre of variou.s sp ‘cies ol I'lains of t.he 
oonus Liitiiin, the most imjioriant beiii;^ Llninu (isditt'ixahinim. 
After removing; tin' semis from the stems by a eomluno proct'ss 
termed '' ripplini',” the flax stems are. “rett«'d” in ordiu’ to 
separate t)i ■ ba^.t. tli»ies Irom ('aeh olliei" and I’loni tin' t riu' wood 
(d the stem. “ ileltiiig ’ consists in submitting I lie .stems to tin* 
action of water until they begin to rot. This pr<»cess is per- 
lornied (“itlu'r in stagnant water or in a running .'.(.ri'a.m. A 
iner<' e.xpu.sure to dew for ni.niy W(*eks, oi* tri'atmeiit, with 
tepid water, steam or mineral acids, may Ih* snitst ituft'd. 
W’hen water alone is usi'd, fernn'iitat ion speedily .s('ts in w lneh 
ellecls the disintegration of the eementing ma,t(‘ri:d (fioctose) ol' 
tlio tibi'es. Wlien hot wal ei', steam or aeids ai'(‘ used, spi eics 
of bvdi'olysis elTeels t he same end, (he peetose being eonvi'rl.i'd 
into pectin, which is soluble in water, and info pcctic ticid, le.ss 
readily soluble. i\le( hauieal prom sscs known as “breaking.* 
“ scutebing,” and “• heckling, ’ wliieli an* beating and eombing 
processes. (a)m])b‘te tin* isolation of tin* llax iibres. liaw ila.x 
fibre lla.^ the compo.^it ion : -- 

P.roMt. 


L't‘ llulo.se, 



HI ii:» 

Wax, .... 



‘2:{7 

Matter .solul)]e in water, 



:iirJ 

stare, 



<s-no 

Ash, .... 



0-70 

Pcctoas .substsii'-cs, 

• ’ 


100 IjO 


Flax ossenlially dilfers from mjtton in tliat it e<msists of 
sojiarate cells, disjiost'd longitudinally along the, fibre, with err»ss 
septa. Tlie cell-walls are very thick, and the intern d cell space 
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very small. The “staple” ol flax varies from 2 to 3 feet, and 
the ultimate fibres vary in length from 1 to H inches, and in 
width from Q-OOG to O-UlO inch, and are pointed at their ends. 
Flax is colder to tin; touch than cotton, being a better conductor 
of lieat, as its air space's are smaller than those of /he e(jtton 
fibr(‘. It is stronger than cotton, and, being invested with 
pe(‘tous substances, is mure resistant to reagents, and iHMpiires 
soiiK'what more drastic treatment to bleach it (v.i.). Tlie colour 
of llax varies acaxmling to tlu'. nature of the retting to which it 
lias been subjected, such as has been tn'ated in stiignaiit water 
h(‘ing much darker than that retted in running water, 

(oj HEMP is the bast fibre of a variety of plants, chief among 
which is ('mmabis S((iiv((. The fibre is freed from ino’usting 
substances by processes similar to those described uiuh r llax. 
It r(;s('mbles flax fibre, but has a higher tensile sti’cngth (30 to 
.'lb as compansl with 20 to 2b kilos, jier .s(j, nun.), and insists 
till' retting action of waf(‘r better, on whicli account, it is used 
for ropemakiug and similai' purposes. 

Tbiw liomp fibre has the composition givmi Iwlow : - - 


(’('llulOKC, .... 

77i:{ 

Wax, 

( )•:•;') 

Aqiit ons ('xtract, 


MoistUH', .... 

s NO 

Ash, 

0 n2 

Tectous sulistancu.s, 

. . i»-*A"i 


loooo 


(0) JUTE is tin* hast, lihrc* of various I'pecirs of C<)/'cItoru,9. 
ddm staph* of jute varies from 6 to 12 feet,, hut the ullimati^ 
fibres are very short (about to t incli), on whieli aeeouul it 
is wc'aker than flax or liemji, and pro|)orlionalely less valuable. 
Tlie c(*lls eonsf ituting the ultimati^ libres are more lignilied than 
those of llax, and, in tlu^ opinion of Cross and Ilevan, consist 
chielly of a body termed liguo-eellulose, eontainiiig 7b p(‘r ei'nt. 
of tru<; cellulose, and 2b per cent, of lignin, into whii'h constnu- 
eiits it is decomposetl by treatment with acids and alkalies. 
Ivaw jute fibre has the following composition ; - 


Cellulose, .... 

(i.'CTl) i>er I'cnt. 

Wax 


Aijueou.s extract, 

l-eo ,, 

jMoi.^ture, . 

;> so , , 

Ash, 

u-r.s ,, 

IVctous siih.stance.s, 

. ■ • '.i 

lOOOO 


Various other hast fibres, notably China grass, are enijiloyed 
as textile raw materials. Other fibrous plants, sueh as grasses 
(c.g., esparto), are used for rough textile falirics, but find llu ir 
chief employment in papermaking, under which head they will 
h(* considered. 
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(7) WOOD-WOOL IS prepared l»y eiittinjjj tliin ltoai<K into 
strips and digestiniif them witli sulpliurous aei(i, as in tlu' hisui- 
phile process for making wood pulp (si'O Paper, V^)]. II., (diap, 
XTV.). 'J'lie boiled wood is partially dried and passed throue.h 
eorrugateii rollers, and may t hen bi‘ separated into coarse tlbrcs. 
For finer tibres, the pulp must bi' completely dried, and comlxni, 
after pressing, by methods similar to those employial for (lax. 
Ti is used as an absorbent for surgical dressings, and also for 
making artificial silk, the ]iroduct, howi'ver, being mucli intm-ior 
to tliat j)roduced from cotton. Tow is t.lie broken i»r w.isii' 
fibre produced in the various rneidianical processes for preparing 
llax and similar textib* fibres for spinning. 

(8) MINERAL FIT3RES. 'I’lm must impurtanl of liie-.' is 
asbestos, wbicli i> tlm name givmi to \aiious natural sill. -.a!, s 
N\ ln<'h are fibrous in stiaielure. d'lie naim' tlniN rel.alcs rath' i' l.) 
jifivsical condition ili.an chemical comjtosii ion, as may be '^. en 
from du* following an.ilyses: 
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an hydrat.t'd silicate of inagm'sia, while <dber less valu;ibl.‘ kinds 
arc «)f irregular composition, indicat.e<l by tin* Ibini .anaiysis. 
Befon.’ the tlbri! can bti wovini it has to b(‘ separaled, a,, the 
niiJU'ral occurs massive. 'I'be. taet. that true asbestos contains 
combinc(l water causes it to umb‘rg<) ehange when heat'd lo 
rediK'SS, the vvabu' being driven oil' and tlie libre mueli impaiia* I, 
although fabrics mafic of it are suflicdeiitly lirejiroof to retain 
their i'orni and remain faiidv coherent. 

Slug wool is another mineral libro, and is inadf* by allowing 
jets of stf'ani to impinge on i stri'am of molten blast fuin aco 
slag (see V’ol. I.), w le-reby the slag is divided into threads, 

generally laden, with globules of slag which lia,ve faihid to lai 
j-rolongfid into fibres. It is usfid chiefly as a fireproof and non- 
conduetind* lagging material. 

Glass wool is mendy glass softened over the lamp .and dr.awii 
ont iruo long threads, which are c!ipa'bh^ of heing spun into 
faiudes. I'lxeept as a laboratory refjuisib; it is curious rather 
than useful. , 

11. BLEACHING. riie treatment fif textil.- 111. res by the 
nuinerous proet'^^ses inebided under tlie term bleaeb.ng, liu.-. for 
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its primary ol)ject tho removal of natural colouring matters, and 
of such im})uritie.s as would cause uneven dyeing, or would play 
the part of mordants, fixing the dye in places where it is not 
rcMjiiired. In general, tin? treatment comprises processes i'or 
ch'iiiising the hhre, so as to ex|»ose it to the aetjon of the 
lileaching ag<'nt, and for oxidising or reducing those natural 
cohuiring matters, which an^ still retained, to colourless produces. 

Thus, it happens that all the prijcesses may he classed uiuh'r 
the le ads (I j cleansing or seoin'ing, and (2) hhsndiing, ho\v(n(*r 
nianv op(‘ral.ions <-a<di stagf^ may involves Since, during the 
sjunning and weaving of textih* goods, the tihre always becomes 
eiuilaminati'd with oily and oIIkm- maltiM's — either accidentally, or 
designedly I'or tin' pin’])os(; of lubricating or stianigtluming the 
lidre tins matter must be r<uuo\’ed by the scouring proct ss, 
ie. w(dl as any natural fatty, waxy or resinous matter which 
niav hav<': remained after treatment of the raw lihre. d he 
nieihod is, therefore', ('.sse'nt ia 11 y a saponitieat ion ])roc('ss, and 
alkalies art' \ised for tin.' purpose. It will he* gathered, howencr. 
from what has already been .said in this chapter concerning tlu^ 
I’esistance* <d' lihrcs to chemical change, that thos(^ of animal 
• U'i-in must Ik^ more tiuiderly treated than tlui v(‘getahle filires, 
and that tlie same stat^'iiu'iit holds with regard to the second or 
hloaching process, it is for thesii riaisons that, although the 
( Inunieal prineiph'S underlying the .scouring and the hleaching of 
textile tihres are the same for all rd>res, iiivcdving saponitlcataon 
and oxidation or reduction, as indicated above, yt't the, iletails ot 
the processes, and to some extent the agents ('injiloyed, va.ry 
RCcording to the natun* of the Hbia'. In what follows, an 
oulliiK' of the es.sential processes :idoptecl i'or each particular 
tibri‘ is given. 

Wool Bleaching. — The scouring of the raw wool has already 
been discussed (p. 270). During tlie process of spinning and 
weaving, the wool is treated with oily lubricants, such as olive 
oil, oleic acid, and mineral oil, which facilitate the movement 
of the fibres by counteracting the tendency of the scales to 
interlock (p. 275). The.se lubricants must be removed before 
bleaching can be elfected, by immersing the htanks ot yarn or 
pieces of cloth (w'ool being bleached in both forms) in a 
solution of soap, ammonium carbonate (the active const ilm'tit 
of the stale urine hirmerly employe»l), or 'Sodium carbonate, 
at a temperature of 55*’ to 45“ C. - 95° to 113“ F. Volatde 
solvents have been to a slighjt extent substitutef^ for these 
feeble alkalies (p. 27G). After washing, the yarn is ready for 
dyeing or bleaching. ♦ « 

Hloaching is accomplished by exposing tjie wool to sulphur 
dioxich; generated from burning sulphur. The common procuss 
is known as “ stoving,’' and fs carried out in a brick chamber 
lined with wood, on the floor of which the sulphur is burned. 
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Tli(^ sulphur dioxide luay also he apjditMl in solution, inti> whicii 
thr wool is di{)pt‘d ; or soluiion ot sodium hisulphiio or dnim 
hydrosulphite may he used, ll aji^ears Thai ihe <lieniiral 
ohan^o involved in the hleaehiiiL^, la* it n'dm tion or e.un- 

binaiioii ^vith tlu* sul[)hur dioxide, is not a \i'ry deep ,e ai ed 
one; tor treatment, ot the hleaehed ^\ooi with uikalme snh 
stances, such as soa{', i eslores the yidlow colour oft he nnhh aeht'd 
wooi. Any su Iphur dioxide which may lx* mechanicalh’ retained 
can he la'iiiovcd hy immersion in dilute hydrogen ja'roxide. 

d he culoui'in^ matter mav also he bleached )»y oxidation, hy 
soakine th(' wool in slii^lit ly ammoiiiaeal In drooeii jiei’oxnlc at 
ahout d.'f' (J. - hh'' F. lor some hours. Ihceutly, a soluiioii ot’ 
sodium [teroxide has been substituted lor the ammoni.ical 
hydrogen pf'roxide ; maonc'ium sulphate may he addMl to 
neutralise tlm alkalinity ot t he sodium compound, and the coovis 
mav suhseipieiit ly reeei\(^ a w ash m a (dliiie acid hadi to gener- 
ate hydroemi jieroxide Irom the sodium pei-oxiih*. 'fhe hb aciniiL; 
obtained by hydrogen (or sodium) pero.xdde is permanent. 

A silky aj»peara.!ie(‘ is sometimes imparled to wool b\ ehlo- 
riiuitiuy it, either h\- exposure to caseous chlorim* for a shoi't 
time or else hv imim rmny it in a chloride of lime bath con- 
taiidne liydt'ochierie aeid. It, is llit‘n washei), first with water, 
th u with soa}), and finally with weak aeid ami water. Tin* 
yellow colour leiu by t he cliloritudion is removed by tnedment, 
wiiii S( )., as above, or wdli sianiiotis salts, d lie produet, not 
so St rone as woed treated in the ordinary way, hut, ahsorlis 
colour- hei ter. 

SILK BLEACHING. — 'rii(mij)pearaiu*e ami lextun* of raw 
silk are Li’eatlv improved hy removing tlieseriein (p. 277 i he fore 
wea\ me. This is tlm ohject of the pro* ess known as ‘dis- 
ciiarLtine,” “ iinetimmine,” or “stripping.’ When “ Ixuh'd oli’’ 
silk— be., silkmearly eom})letely frctai frmn silk elite — is nnpdrtid, 
the hanks of silk are immersed in a soap h.iih at, a temperature 
of bd'do hTb C. - Ibl 'to 2d.‘F F. A transferema-. !<» a se<*ond 
and third l>atli is advisable after a short time, h'st (he tadouritie 
matter accninulatine in the lirst, hatli slionld lx* returned to and 
fixed on the tihre. d'he ‘'hoibuFolf li<|Uor ” si'rves as a rest i ainer 
in the suhseijuent dyeine vats, Sucli silks, j)artieularl} tussur 
silk, as contain lime in the sericin, reijuire pieliiriimiry treat- 
ment with dilute diydrocldorie aeiil hetoi;^^ heiiig boiled oil’, to 
remove this lime and jinivent the formation of a lime soap. 

The unu^mimed silk i.s then, sithmicted to *1 “ disc}jarf,dn^ ” 
— consisting in putting tin* hanks into a hemp hag 
and Ijoding for twm or tliree hours with soap solution and is 
linallv washed. Occidental silj<s lose from 20 to ‘id |)er (X'.nl. 
and Oriental silks from IS to 22 per cent, in weiglit during 
these processes. • * 

Th(; bleaching proper of silks is now almost enlirt'ly eflected 
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liy means of Ijydro^eu peroxide, but treatment with sidphur 
dioxide, either in stoves or in solution, after tlie manner 
descTihed for wool, was, until -lately, the method employed. 

Silk is usually “ wtui^hted ” by repeatedly passing it tliroui,di 
neutral solutions of tin eliloride or “pink .salt,” Sntjy ,,2 N 1 1 ^f'l, 
at a temperature of about .‘lU C. ^ 80 1<\ Much iiii h\dro\ide 
and oxyehiorid(i is absorbed by tlie fd)r(^ during this ttaaitimuit, 
which is afterwards fixed l)y washing with soap and soda at 
.hO' (1. — 122" F\, or by })assing the silk through a bath of 
tannin, phosphatig Ac. Any increase in wadght up to about 
oO p<u* cent, obtained in this way ap{)eMrH to be r(*gard(‘d as 
legitimate, but stiniples of silk are to ix' met with whicli 
contain as much as 120 per cent, (calculated on the original 
llbiad (»f foreign matter. Such silk sj>eedily deteriorates when 
exposed to light. 

COTTON BLEACHING.— Cotton is bhsichod in the form of 
hanks of yarn if it is to lx; <lyed in hrigldr eolours, or to be manu- 
laetured into s(;w'ing tliread. (dtluu'wise. and most frequeiiily, 
it is bleached in the woven ])iece. In the latter case tlu' loose 
fibrt's must be singed olV, tin* ])r(x;(‘ss being idlect(;d l)y rapidly 
passing tin* pi<u'e nv(;r a red-liot I’olier, or a row of Ihiu.seii 
Imrners, any persistent spark being extiiignished by ])assage 
betwaxm damp rollers. Tin; amount of time and trouble devoted 
to bleaehing cotton cloth ilejxmds on the purpose; for which it 
is being prepared, tlu; iiumher of proces.se.s ilirougli widely the 
mat ('rial is put being summed up und<;r such trade names as 
“ inarkfit bleaeli,” “ (ly('ing bleacli,” “niaddi'r bleach,” etc. Tin; 
titles sudiciently indicatt; tin; uses for which the j'laU'iial is 
destined, and the kind of variation in pnxx'duro will be realised 
w hen it is considered that it is a sh(»rter j)rocess mei'oly to oxidise 
tin; eolonring matter until it, is (d' tin' dogre*' of w hiteness suit- 
able for whit(‘ cloth as j)ut on the markc't, than to ('licet that 
thorougli removal of matter forcugn to tin' 11 hr*' w hicli is essttntitd 
to tin; production of good colours iii dyoing and printing. 

I?i the scouring of cotton, tlie cloth is first .saturated witli 
water by being passed b(;t\veen rollers in a tank through which 
water circulate.s. It is tlicn boih'd with ti thin milk of lime, for 
some hours, in a closed “kicr,” which is ;i cylindrical vessel of 
boiler j)late in which the goods arc packed on a cast-iron gratinir, 
and into Nvhich .steanv IS injected at a pressui’e of 10 to TO ibs. 
above that of the atmosphere. By an appropriate arrangement 
the lic[Uor Avhich has percolated, through the goods ^s iutennit- 
tc'iitly raiscil by tlie steam pressure to the top of the kicr, and 
again sparged on to the cotton. Tliis process is the “ lime-boil” 
or “ lime-bow'k.” The lime saponifies fatly^ w'axy and resinous 
matters adlieriiig to the cloth; the lime soap.s being insoluble, 
tin.' next process consists in "decomposing tli^se by dilutt; hydro- 
chloric acid, into a balli of wdiicli, alter a wash with water, ihe 
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c: 00 {U arc passed, tlu^ operation l)einL,' known as tlu- “riino sdif ’ 
or '' ttrev-sonr." Tin' laity arias. IiIkm-uU'.! kv ihe hvarorlilorr- 
arid, are in'xt dissohad liy koilin;:^ in a ]irrssuri‘ kier willi rausr.e 
soda or carbonate of soda (d lo ti p,.i- cent, of tlie wrialit ofiln- 
goods), ami rosin soap (rorn-spoiiding with 1 -d to '1 pt>r crnt. <<[' 
rosin also reckoned on t he wcigln of lln^ geodsi. 'rin- g.iuds ;av 
now waslu'd and Ixnled witii soda asli, tins “ley boil " being 
si'vtn'al tiiiU's re]'('at,(Ml when tlic ln'sj lihaclung (or dyeing is 
re |uir(*(l. A thorough wa.^liing vompletes the scouring proee.-,. 
and it is of interest to note that llu' scouri'd cotton is (re(|U(n!i\ 
d.arker in colour than it was before it was treated, 

\\dlh r(‘gard to the I'heiiiistry of eohon seouring, it ini dii be 
puppost'd tJiat sima' the lime soaps formed in the lime iioi 1 .u c 
decomposed in the siibsiMpient aeul b:ah, thus leaving the foi\ 
acids to be saponilied with soda, it would sutlice to treat tlm 
cloth directly wit.h soda, a. custiou winch is, imleed, praeti-id 
in tile diatlier .and l’la,t t process. It appears, howe\er, 'hat tin- 
formation ofasoa-]* (Voui the liberated fatty aidd--. i,i <l/u^ taeiU- 
fates the saponillcation of any reimaining fat hy treatment with 
ca,usfie soda : ije''ides, lime is a more suitahh i.eeause (dieap* r, 
base tlian soda for the pndiminary saponilieat ion. 

The hleatdiing <»r “ ehemieking of ( he .•ottoti consists in 
]iassing the seoured goods through ;i very dilute solution (.sjieeiiic 
gra city about 1 -t'Oen or 'I'waddell) of cltloriile of lime t iileaeh- 
ing powdert, ami tlu'n wringing them <mt. .and e.-spo^aiig tiiem in 
hea)»s to tlie action of the. air for two or three Imurs. rare being 
taken th.'it, they do not dry. A hath of dilute sulphuric aciil 
(] ' to 1,'.“ 'I’sytuidell .'.pisdlic gravit.y to IdtC?”)), known as 

t!i(‘ “white-sour,’' and a thoimiigii w.ashing eompieto the proces., 
unless ;i repet it ioll Ih'. deemed desir.'lhle. W hile t he col t on wet, 
with the solution of (diloriih* of liim^ is expos'sl to the air, hy])o- 
eiiloi’ous acid (IK'b.)) is liberated by tiic at.mosplierie earhonic. 
acid ; this o\idis(‘S the colouring imdter of llie <'ottnn to colour- 
jt ss products, tIu' (.)X id.at ion being completed by the ehlotine 
which is evolved wdicn the, still undm-.mipose.d lileaching liquor 
comes in coiitaet, wdtdi the dilute acid ol the whitc-soiir 

(!a(()(:i), !- (ACh t - 2('aS(h + I- fd, 

."nliitieu of l)le.i('liih;.( 

The dilute acid also dissolves the calciuii# earlioiiate wliich is 
de].osiied in the tibre during the air exposure. 

Lunge proposes to efTect tlie liberation of hypochlorous aeih 
and simultaneous forimition of calcium acetate by applying 
acetic lutid before or after the hleadting liquor. W'lien the 
hypochlorous acid gi- es up its oxygen to the colouring matter 
of the cloth, hydrochloric acid is formed; this would nsiet with 
the calcium acetate, Getting free acetic acid which would then 
perform the same cycle of reactions. 
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(1) ‘2C11,,( 0<H1 i ( a{()Cl);, ^ (Cl l 3 ( '()()), Ca + ‘2H()Cl. 

Actlic acid. t'alciiiiii acctatu. 

(•2) -21 loci 211C1 -h O,. 

{.‘I) {Cll;.CO()).>Ca + 2HC1 CuCl. + ‘JCHiCOOH. 

II' lliis treaOiu'iil wiUi jicftic acid lic aidislituted for tlie cx:- 
ji(>surc to air, the advaotai^c accr-ucs that the .soluhle salt, calcium 
acctat(“, nmiaiiis to h(‘ waslied out in }*hice of calcium carhouate 
whicli is insoluhle in water. 

It has heiui ])ro})oscd to bleacli by means of tli(‘ licjiior ])roduce(l 
1 )} th(! electrolysis of magnesium chloride (the Hermite ])rocess), 
W Ill'll an electric curri'iit is jiasseil throuL^li a solution of tliis salt, 
chlorine is evolved at tlie anode, and iiia^fiK'sia and liydro, 1:1*11 
at llio cathode. If iiieuns be taken for the suppression of the 
li) (Irogeii, tln^ cldoriiKi acting on the magnesia yields a solution 
of magiK^sium liypochlorib*, which may he applied similarly to 
the cldoride of lime usually employed. The liquor, after it has 
done its work of bleaching, and its oxidising ilfect has lu'cn 
e.\})cnded, is returned to the decomposing cells and again 
electrolysed. As magnesium hyjiochlorite is more unstalihi 
tliaii calcium liypocldorite, free hypocldorous acid is more 
readily derived from tin* former, and thus the rate of bleaching 
is increased. The ])rocess, though said to he in successlul 
operation in France, has proved a failure in this country. 

MERCERISING. — A process by which ihe sircngtii of the 
cotton fibre is greatly increased, and at the same time acquires 
a greater affinity for dyes and mordants, is called by tliis name. 
Jt consists essentially in treating the fibre for a short time 
with a strong solution of caustic soda, the two ends of the 
tibie being fastened to a frame to prevent coiiiractioii during 
the treatment. 

For the production of a full white “market bleach” it is 
freijuonily necessary to correct the yellow tint of the hlmiched 
goods by the addition of a small quantity of idtramarim*. it must 
h(‘ remembeml that the oxidising action of chloride of lime is 
not wit hout eliect on the ci'llulose itself, so that the use of a 
strong solution of hleai’liing powtlcr is not ])ermissibh'. 

LINEN BLEACHING.- -As has been already indieati'd 
(p. Il 79 ), retted flax fibre contains much more matter of non- 
cellulosic character than is contained in cotton; it follows that 
tlie proccs.ses of scoui'ing and Ideaching linen are more operose 
than are thosi^ involved in the treatment of cotton. It is found 
usi'.ful in the case of linen to retain to a certain extent tin* old 
systen) of gl ass bleaching otherwise the operations arc in the 
main identical with those used for cotton, low-pressure kieils being 
generally employed. In common practice the yarn or cloth is 
subjected to the lime-boil, grey-sour and lev-boil desc;rib('d for 
cotton, and, after having been waslied, is spread in a field lor 
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from two to sovon liay.s ; it is tlu'u i-lM'mio],cil in . I'.tori :o .>t 
lime and soured. The ley dmil, exposure atid ehemhkinj .uv 
repeated as often as may he neeessary in order to prodm<’ tio 
de.^iriM^I tint, the “fuli lilVai-h ’’ reipiiriim' a lom^oT time tlian tlio 
lialf or^ojuarter hhaeli. 'I'liree to six weeks is an a'eiaeo 
time. 

liie ch(Mni.stry ot these pixu-'-sses when apjilied to liies'i is 
snndar to that oxpoiimled timhu- tin' head of eoiton l,!,>aehiim. 

I lie henedcia] elli'et. <d ('xposuri' on ^rnss may jx'rliaps l>e aitn 
lulled to a speeies ot iernn*ntation, enliamed hv the aetem of 
li,i;lit,jind similar to tliat w liieli is nsofid in ( In' i ett in,^ pio.- , 
'.ye 'J('.i). Sueli a li'nnentation may dee«)iiipos«' peetons suh- 
anei's, rmiderinsr tlu'in inort'. easily alta.-ked l.y tin- .suh.se, j neat 
♦^Uient. Tlie i)leaeliin^^ may also lie dm' to the aetioii of 
.ouu'n peroxide, wliieii is always fornu'd when water la 
niwed to cNajiurate slowjy in die jtn'senee of siinli^iit. 

1^he snlistitution of potassium )ieiiu:ne.;atiato for elilornle of 
lime solution has hec'ii proposed in linen hleaehiu”. 'I'lie uras - 
exposed goods aro to ht' stee^ped in a solution of tliis oxidant, 
atm dton passed through a solution of' sulphurous aenl, whieli 
roduci's and di.ssolves ih'posited oxides of manganese ; acidified 
j'eroxide of hydrogen may fultil the funetion of the sulphnroua 
a('id. since this peroxide hehtivt'.s as a reducing agi'iil to the 
higlier oxidf's of manganese. 

JUTE BLEACHING. -The speeitic naturi' of tin- jut, e filue 
(p. - 80 )r('mh*rs its ('oniplete hleaciiing wifliout unduo tiunlenieg 
a dillicult task. It is fortunaK' ih.at jute lihre whieli has onlv 
hoen hleached to a ei-eaui (‘olour <-an still Is^ dyed «>f hrilli mt 
lines, so that the term “full l)h‘a<'h'” as used for jut(' implies 
the proihiction of this colour, tin* “half Ideach” finishing at, a 
straws coloured shade. 

It is not usual to scour jute yarn W'itli alkali hefoi'e hleaeliing 
it, since the loss of weight due to the aidion of I In' alkali is not 
sunieicntly compensated hy the imjtrovennmii in vtdue of tlie, 
liiiished product. A slight treatment with alkali and siciji nmy 
I'C nec(‘ssary, liowa.'ver, when much oil has hmui used in munii' 
fai'turing the yai'ii. The prineiph* in\ol\<'d in tin' eomimm 
motliod of lilcarhing is (o snhmit tin- fibre to I In' action of a 
comparatively strong liquor at first, and, wdn-n tin? in<»s' <'asily 
.ailaeked impurities hecn thus acted upon, to trau-.fer il to 

weaker liquors, whore there is little rislc of (in', lil.re i»eing 
tendered, d'he first hatli contains ]>leacli amounting to Is per 
cent, of tln'*weight of the jute, tlie sei-oml Irith eoiilains 10 per 
ci'iit. of bleacdi, and the third 5 ])er eeyt., calculated on tin- same 
basis. The yarn remains for half an hour in each bath, and t he, 
temperature is maint:Tined at 120' lA -- 't'J'C. Fora fuli hleacii, 
slightly stronger liyuor.s are eni{)Uye(l. After immersion in 
these baths, the yarn is sourb'd in dilute suljihiiric acid 



288 


TKXTILIvS AM» liLKAf'If I 


(1" Twaddell) for half an hour, and is then washed and dried. 
'I'he jute suifers a loss of weight amounting to some 6 to 8 
per cent. 

For hleacfiing jute in the piece, Cro.ss and Bevan recommend 
a silicate of soda hath for preliminary treatment, ar,d the use 
of a hleach lifjiior made by adding soda ash to a solution of 
l)l<‘achiMg powdfm (0‘7 per emit, of available chlorine), and 
containing, thm-efore, sodium hypochhirite ; a sulphuric acid 
sone and the usual washing completi; tin; process. 

Ifeinp, when blcachc.d at all, is treagod lik (5 linmi. China 
grass is bh'aehed by the iiudhods employtal for cotton. 
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' onAPTKPv xnr. 

COLOURING MATTERS, DYEING, AND PRINTING. 

Tt is the oliject of tlio <lyi‘r to ;i Uniterm coioui- in 

th(' textile ni.ii ( rial to It ilvod. Sudi <'(»lour must ho “ last ” 
— i.c, iiisoluhlc — not, ineohauioallv (ie(:iclial>l(‘, and resistant 
to the hloa(diino action of lii,dir. In order tliat. tin* (aijnur 
may itii{'VOLfnate tlio (Ihio il. is essonlial that it Ito a}^|>li(‘d in 
S(»liiti(Mi ; thus a dyestnlf tnay hi* broadly <iistiiii;uisht i] iVoni 
a yioinent hy its soluhilil.y in an a|)jtroj)riate menstruum, 
oeiieraliy ualer. NN'hen a dyi'stulV lias iieen ajiplied to (he 
li hrc* and eonstitules a fast colour, it, lias heeome a iMoiiieiil 

eon \ eiiii'iit distinction may he dr.iwn hotwimii a dyest utl’ aiiil 
a d\e. Tlio former is no! neeossarilv coloured, althouydi even 
Avhen not coloured it is eajiahle oi’ furnishing a piyoiieut when 
tixeil U[)on tlielihre; this jii-jiucni. is the dve. 'The suhst.lllee 
in cc'^sarv to convi'r* .a dvestnlf into a dye last on the fibre is 
lernu'i! a mordant ; soim*. Iibre> t.hemsclves act. as mordants. It 
the .aliove ditlercnt in' ion i)elw<*en d\eslut]s and dyes he allowed, 
the lihre must h*- reo.ii'ded as (lie mord.int in all I'.-ise.s when- it 
is dved directly, I'ven win n, ;is in the casi* of direct, eott'Ci 
ii\es(ulls. tlu^ ‘‘atlinity ’ between the (ihre and the dvestnlf 
‘•oin jiarardvely fei'ijh*. 

The dilfn'iilty of aiTivino at a oeneral (wplanation of (he 
r;i smale of dyeing aris(‘s from the facts (1) that fibres dilf r 
veiy greatly iiotli chemically .and mcch.anically, and (2) that 
dyes aie also widely diverse in ehai-acter, ranging from insoluble 
pigments, jirodueed irrespectivi^ of flu* ehemii’al nature of flu* 
tilire, to definite cliemical c()mp(»unds with the fibn* (oi’ ''Oim* 
coiistituent of the fibre) itself. 

In sp(\iking of dyestufls it is found eonvi'nieiit to elassifv 
them as ‘•substantive” and “ adjeetivag” tlie forimjr term being 
aj»plied to dycRtuffs which need no addition to li.x: them ujion 
the tilire. and the latter to siicli as rerjuire a “mord.ant” t-i 
cause their <'onv{‘r.sion into dyes. In tlie .STum; wav the dves 
produced may be spoken of as “ suh.stantive dyes ” and “ ad jective 
dyes,” • 

I'he need for a mordant depends upon the chemic.al nature of 
the filire rs well .as upon tliat of the Hye. The capability of 
fibres to fix, by actual combination, dye.stufia having a distinei, 
acid or ba ’C character is dependent upon the presence in the 
filrre of certain basic* or acid acti»vities. The most notable 
instance is found in the cas(* of wool, the investigation of 

, 1 !) 
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which hab rcvcal(*(i the existence of an aiiiidu-acid (i.e., a sule 
.sl;i,iic(! capable ol’ fiinctiojinn;' l)oth as :iii acid and as a brise), 
<-ilb('r as a constitueiit of the libie oi- as a product <d its 
decoruposition in lh(^ <!>’(“ l>atli. 'I'lie wool, according to lijis 

(Nil, 

V lew, may be i-eprc*S(Oited as W / ; w here W repri'scnts 

((UK) 1 1 

t lio coiistituejits of tli(‘ wool otla'r than those giving it its aeid 
:iiid basic characfc'r. Such a coinjioutid has been obtaim'd from 
\^ool by heating with an alkali, aiul has had the name kinugillic 
ticid ascrilxsl to it.. It is sohdile in hot water and preei[)il ales 
hot h atdd and liasic dyestulfs, i'onning lakes I'sei; Pvpnents, \’(d, 
II., Chap. XV.). Silk libre dis)da\s fuiietions similar to those 
of wool, its acid characler Ixdng strongly marked. Cotton, 
on ih(‘ otln'r liand, is a far less aelivi* substance than tIk^ 
animal fil)res, and displays but a, trilling /dlinity for dyestulls, 
w indher acid or liasic. Sims* the constitution of wool has to a 
cerlaiu extent been (diuddaled, tin* ehemical theory ol' dyeing, 
aecording to which snhstanti\e dycstidl’s hecome dyes on tin; 
lihre hy union ( Ihum'w itli, has b<‘en generally acce[)tcd .so far as 
w'ool is eoncerned. In the case of silk then' is not only It'ss 
direct e^'idc^ce of uidon of tin* lihn^ ami dycstulT, but then' is 
also some indication of another cause of dyeing (asserted hy some 
to provide a gem'ra.1 <'Xf)lanation of the rationale of dyi ing lln^ 
so called ‘‘ pli vsical ’ tln'ory of dyciing), viz., the action of the 
tihre as a solvent for the dyestulf, which it holds in the form of a 
solid solid ion. Cor example, wdien silk dyed with magenta is 
inimcrsi'd in alcohol, tlu* mag(mta i.s extracted, but, on diluting 
tJi(' alcohol witli water atul thus diminishing its .solvent power 
for the magenta., tlu' colouring inatb'r rcttirns to tin* silk ; tlie 
dc'dnction math* is that silk i.s a worst* solvent for magi nla than 
is alcohol, but ti l><*tter solvent t han (Hinted alcohol, and t hat tiie 
reh'ntion of tlit* inagtmla hy one or the other solvt'iil (silk or 
alcohol) d('p(*nds on lJn‘ir ix'lativt* solvent power, and is not due 
to ehemical combination with the silk in any more d<*finite sensti 
than with tin* alcohol, (a)t(on, howcvei', does not readily lend 
itself to cither of tln*se explanations singly. The struclun' of 
cotton libre has l)c(*n already deseribetl (see Textile.'^., Voi. 11., 
]). 1178), Chemically, it dot's not ap]a'ar to possess in any degree 
t ithi'i- basit; or acid prop(*rties, partaking rather of tin* natun^ of 
an jddt'hyde; but it is well known tha.t cotton forms unstable 
com]ioutuls with Itasic oxides — c.r/., lead oxide — ''lul a sinular 
slight, acid tciuh'ncy is observt'tl in the behaviour of cotton 
towards basic suhstantive dy t'st nil's, such as tin* substance known 
as “night bliit!.” In tliis ea.se, howeve”, the cotton does not 
displace the acid of tlie salt constituting the dyestulls, but com- 
bines with tlie salt as a who^e, this combination being rendered 
possiblt* by the tact that the salt contains niethyl-amido groujia 
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lOthor than that satislital In tlu* acid radicle of the salt Thus, 
cotton dyed ^^ilh niL^hi blue may he written diagrammaticall y 


r, n,\,ril 

: N;( - 


The ah.-;(Uice of delinite acai ])ropertie.s of cotton, }uiw«‘ver, lends 
-wfje support to the view that its ahs(>rption of certain siil>stan 
ii\'' (l\'es is due to iis as a solid solvent in (he tiianiier 

aii-ea<ly de-erihed in llie oa'.e .if silk. A similar evjdan.oion 
Miiirh; h(‘ offered to aceoimt’ lor the mordanting' action of tannin 
on cotton. Immersion oi' the cuton in a snlution of lanmn 
('■(■i|nentlv preecdc's the dyeiin;" jn'oress. 'I'Ik' tannin it>e|| is 
• ill' loMsclv atiaelieii to the cotton, I’oi- die tannin-t rcat cd cotton 
’"S.'S tannin when iinmersei] in wat m- or even weak solutions of 
'anniii. ()l>viously, however, (his fact is not iniamsisNmt. with 
t li(' vi(‘W that cotton has a feehly Irede eliaraeler. which allows 
it to form a loose coinhination u ifli the tannin. 'The (ivadon of 
a hasii' (lycstulf l>v die tannin is seen to need no e\pl,ina(ion 
^\hen dll' acid character of this suit.siaie'.' is reiucniliercd. The 
activity of cotton as a,n acid nia.tcri.d can he :yrcady enhaiieed 
iiy any jiroci'ss of an, o.vidi.siii'^ char.oam-, as in “ chmni.'kiny " 
"■ec /Uracil iv<i, \h)l. I 1., p. 2Se), tlie o\ \ cellnhi^e'^' fornied rcadilv 
fi.viiiLt basic <iyesliilfs. In spite of the feeble act ivity ( wlKMimr 
acid or basic) <if cotton lihi'e (eward • dyiest nil's, certain syntlmlie 
stih, stances — the heir/adim derisati\is forin fairly last siihsiaii- 
tivi' dyes on cotton, hi this cast' i(. has heeii sua:,Lres(.'al (hat. (Jui 
'I yes enter tlic lihre - presumably tVoiii lludr liio;h osmot ic pu s- 
s . ■ - in hot soliidon, and an' tlieri' deposited on th<‘ cell wails 
as ■ le tilin' cools on withdrawal fi-om tie* hath. The thoory of 
solid solution i.s hardly apjilieahic in this instance, heea-use 
"clafiniseii nid’alet] cellulose, cannot he ihu.s dyed, allhoiiydi 
nitiated cellulose, not gelatinised and .-'t ill possessini^ thcstnie- 
t lire (d‘ cot ton lihre. can i.c dyed in this maiim'r. 

It will he oloioiis dial In cases of ad je. -live dyeing, <jeriuod in 
its lu’oadest sense a.s dyeiiiLC imluced hv (he co-operation of at 
least two admits, no sjecial explanat ion of the eau.se of dyeiiej; 
aiiv f'lltre is l etpi i>it 'rims iihia^ of any kind m.i.y he dye.d IIS'- 
siieef-ssi\'e immersion in a solution ol' a lead salt ami in one of 
a cliroma!(', leid chromatt; hi ine precipitatod*in tin? til)re, and 
retained on account of its in.solululity Unless some afijiiity exists 
hetwaa'.n tlie til^e and the colouring; matter, however, pi<i;ment3 
precipitatf (1 in tliis wa.\' aia* fairly ('asilv removed ])\ washinir. 

A. COLOURING MATTERS.- iiye^tuffs may he classitied 
into a few broad groujis. , 

(1) Orga* c synthetic dyestutls. An exhaustive classification 
is necessarily very lengthy, but the chief classes may he givc'n as 
follows: — {a) Nitro-compounds. (h) Azo-compounds, (c) Qui- 
* The formula has been assigned to 'his substance. 
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none d(!rivativ(!.s. (r/; 'I'riplienyl methane derivatives, (e) Azine 
compounds. {/) Sulpliurised dyestuffs. 

{'!) Organic natural dyest nil’s. 

(.‘i) Mimual dyestull’s. 

tl) Organic Synthotic DyostufFs.* — In speaki'ng of these 
il is neee.s.sary to reffer to tiie tlieory ol Witt, who eonsidm-s that 
certain gi'oups (clliomopliores), such as iS'O., and N IS, confer 
ii[ii»n hydroearl>on residues of tlie ring type prnpcrlie.s wliich 
enalde tlKUii to })(!<;onie dyestulfs whcui certain acidor basic gi-ouj is 
are introduced. 'I’lie coinpouml c«)iisi.sting of a ring liydrocai hon 
residue and .a chroniepliori' is called a cliromogen, and th(‘ a ’id 
or hasic group whicli transl''irnis it into a dyestuff is termed an 
auxoclirome, d'his th»'(»ry has juoved usebd a.s a guide in flu- 
synihe.sis of new dyc'st.uil’s. 

{(t) Nitro-compounds. - -'I'ln; nitro group is tin; cliroim)plioiv in 
th(‘ easci of lh(‘s«^ liodies, and the aiixocln-oim' is generall}' either 
Oil or Nib,, (he dye.stulfs of this class being for tln^ iiiosb part 
n ifrojiluMiols ami ui( I'o-deri vati vc's of amines. They arc', forimsl 1 tv 
t he proca!ss ol’ nitration, tlie raw imitccrials Ixung aromat ie pln'iiol."' 
and amines. 'I'luc idiiefdyc'stull’s of this class arc pici'ic acid (trinil ro- 
plumol), (liuit ro-f/-naphthol (Mai’tius yelloW), and (lie si/dinni salt 
of its sulphonic; aeid (napllthol yollow), and le xii.iiil rodipheii yl- 
ainine. (ibc amimttdum salt ladiig ealh'd aul’ailtia). Tiic' forc'going 
ai’c' decidc'dly acid in c.haraetc'.r. 'J'lu; preparation of picric aedt I, 
which may be; la.l;<‘n as a (ype of nitration, wa.s at oiu' time 
carried on by' direet. trea.(ment of plu'nol with sli-ong nitric; atsd, 
but. is now jicrforined by lieatlng ^dnmol witli sulphui'ic acid, 
and treating tln^ rc'.sulting phenol-sulphonic :tei<l wiili nitric,; 
acid of moderate* stre.ngth (specilie gravity Picric acid 

is a camnnon produc't of tin' intraticcn <»f oigauie substanei'-e 
It. is a bright yc'llow hitic.u* suhst.ance, sparinuly soluhl'* in 
cold water and readily soluble in alcohol .•iml ether. It melts 
at 0. =3 252" K. Its usc^ as a dyestulf is now limited, 

hut. it linds application in the manufacture of explosive's isc-e 
Vol. IT., (diapter XVI b). 

(/c) Azo-compounds. — These dyostufls contain the cliromopliore 
— N : Is’ - uniting two ring nucle'i. The anxochrome's Oli ami 
NII.^ serve to cemvert the azo-ccunpounds into dyestuffs. 

cjr, • N : 5: • o,;H 5 . c,Tr,-. • n -. n • c,,i i iINil). 

Azobfii/i'iic. Aiiii.lua/i.lH iizem' (a d.M ^luli). 

'bhe elye^stulVs t)f this class are produced by the re, action netwec’U 
a dia/.o-coiu]M»und (e.y., diazobe'nzeiie chloride', ly^bi^’ N : N • ('!). 
and a phenol or an amine, the general process eef manufacture 
consisting in lirst preparingThe diazo-compound, by treating the 
we'lbeooh^d solution of an amine with sealium nitrite; and liydro- 
chloric acid, and allowing tJiis solution te) flow into one of the 

* In the following pagc.s tho neeiuouelature and classification adopted 
are, in tho nia.u, those of Nietzki {Organische FarhstojfCt Berlin, 1901). 
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]i]itoiol or ii-s sulphoTiie iioid in prosence of oxooss of alknli. 
Tli(' dyostufT is filially thrown out. of solution by tho adilituui 
of coiniiion salt. Soniowliat diflcn'iit prooessoa aro noco.s.sary 
for coniliiMin^^ the di.izo (“Oinjiouiid vvitli an ainino — e.g., llio 
lisp of alc'okol a.s a solvent may bo ossontiab* Tlio reactions 
occurring in botli ca.ses are typified by tlie following cxainple.s of 
dyesTufl's pn-parod from aniliiu*. It will be reinemlxu-ed that the 
action of nitrous acid on the sails <*f aromatic amidou'ompouiids 
{amines) at a low temperat uri‘ leads to (he formation of tlie salt 
of the corresjionding dia/o-eumpouml : 

(Vdl'/NH,. IK'I ; .\<)M)|| . t ‘Jlb.O, 

AtiiliMc iiy<]i->ti)l.,M(le. Nitiuii.'- .■iciil Diii. "I't h/i'Ih- 

( lili'lidc. 

Since nitrous acid is a very unstable substance, if. is belter ni 
practict' to mix the amido-camipouml i, amine) with sodium nitrite, 
aii'i to. add hydroehlorie a<ad to hberaU' nitrous acid in situ : tlie 
procc.-'S is known as (liazotisillg. No atlempi is ni.ade to i-olati* 
the diazobmi/.eiie chloride from lh<‘ solution. 

1 1' an liydroxyazo d\a‘>l ulf is to 'w pre|i.an'<l, the sidiit ion of I he 
< i i,‘o:oben/.ene chloride is run info a welleooleil solution of tin; 
calculated (jiiantily of tlu' plnund (c.r/.. ( ' . 1 1 _•( ) 1 1 j dis'O'hed in 
an ;dkali ; I he tidlowiiie- , i,m is ; \ pie.nl ol' I lie chany<‘ : 

(’,dl.'\:N-(’l -i (',!tU«>Na - CJI : .\-C,.tl.d< Ml) i Natl. 

.'''niiiiJii jilii ”',)' l'.> :it‘UZol'liciinl. 

If ati a.ntidoa/o (lyest utf is to he produced, a. cooled s«dulion 
containing t he caleulafed t|uaiitity of tin' amido-eompound 
e 'taphejiylene-diamiiie) is run into the solution of (liazolam/eiui 
Ci oride : 

(\;11.,'X:X-C1 1 - (\:ll., \:N (V,lldN'll.d.., H(d. 

Ml ! II \ Iciic- I ti \ (Iroclilurido. 

ill.ilililM;. 

The dhimidoa/i d)en/.<'ne Fiv drochloride is soluhle in wat(U‘, and 
must ])(■ sallf'd out ; it constitutes dir* dyestiill' known as cliry- 
SOidine, wliich prodm*es ati orange \c]low on wool. 

1 lie liydroxyazo (lyestntls are generallv itisolnhle. and nin t 
be convu'rted into suljdionie acids by treatment with strong snl- 
plinrie acid, or obtained as sulidionie in'ids by tlie use of the 
sidjihonic acid of oin^ or otlier of their I'onsf ifjietil.s - c.y.j phenol- 
sulphonic acid, C\TI,,(()T1)(S( ).,0 1 1). 

Of such azo^dye.stuffs as are of importance may he mentioned 
the amidoazO'dyc.stullj methyl orange (heliiinthin), much used a^ 
an indicator in alkalimetry. It is th€^ .’':o(lium salt of <iimethvl- 
nmidoazohonzeiie sulplionic add. 

(VH,t^<).Xa) X:X-c,;n, xtrii.,].,. 


* In all case.'-' in which a iliazoarnidfi coiiipoimd is first fornn'd, a, fuze 
excess of tin; aiiiiiie imist h(* used in ordiu’ to liold tlii^- in solution dining 
Its transfornmtiuij into the isomeric amidoaz.o-eompound. ^ 
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Ati <;xain{)l(‘ oi'iui hydroxya/o-dyesLuir is tropaBolin Y (an orani^ci 
ilycstun'), tlio sodium sail oi’ plimiola/olxm/omi sulphonic acid, 
C,4 I j/OJ I )• N; N I j(S()„Naj. Tropaeolin 0 is a dye stuff 
whicli dyes silk a i^oldcii yellow, and is olitained from rosorciiiol 
and diazolxm/.eune cldoride ; it f,lius contaijis two 1)JL ;^r()u[>s, 

( ',4 1 ,(S( > , Naj • IS' ; N -U,.] 1 1 'flic hydi’(jxy - derivatives of 

naplitJialem; (naplitliols) may l>e used ; crocei’n Orange, for ex- 
ample, is the soelinm salt of keiizeriea/.o p’ najeijthol sulplionic 
acid, ( 1 1 . • N : N ■( ’jijl I ,_(( )l I )(S< ).,Na,), and is prepared Irom dia/.o- 
lienzem; chloride' atid p* iiaphthol sulplioidc aedd. Such dyes are' 
fasten- when deriv<-<l li-om /j-naphtliol than when de-rive.d fr<)m 
a-naphthol. 

'rine hjre-goitig azo-dyestuifs can be, used in an acid l)ath for wool 
and silk, hut are- Jiot fitted for cotton, as they fail to form lak<-s 
with appropriate mordants. I’he^ tavo li.isie azoilvf-sl nils which 
arei comueonly used, namely, chry.soidine- (y.v.), and Bismurck 
brown, t riamidoa/.obem/.e'Hc liydrocidoride?,* 

an- cafeablc of fixation on cotton niordanied wit h lanidc acid, 

A class of bodies capable^ of dyeung cotton directly are, the) 
“Janus” dyes, obtaim-d by coml)iidng ati amine, or j^henol 
with a diazotise;d amido-de-rivative- ot trimethy l})henylammonium 
chloride- or similar ammonium base. 'I’hus “ JailUS red ” is ob- 
tained by diazotising tlu^ m(Ma-amidotrim(dbyi[)lu‘nylammonium 
chloride and coinbijung it witli tlu^ com|)oun<l madt! by uniting 
/i-na[)lithol with diazotis(‘d iiu'ta-tohiidine ; it j>oss(;sses the 
constitution 

{CU,),y[N - tyb ~ N = N - t’Jl.tClb.) - N - N - OiodbOH, 
and belongs to the class of disazo-bodies (r.l.). 

AzO'Compounds -c.y., Ponceau It and Bordeaux B --ohtaim-d 
by combirung />-iiaphthol disulphonio acids with diazo-d(-riva- 
tives of tin; higlun- homologucs of beiizime, have latcdy become 
especially important for wool-dyeing. 

Tetrazo - dyestuffs arc such as contain tiie • N : N * group 
twice-, t 

They are of three types: — (1) Those (‘ontaining tin- two 
*N; N • groups and the auxochrome (ti.//., or Oil) attached 

to the same benzene nucleus — e.tj.y jthcnoldisazobenzt-nc, 
C«H,-N;NCrtH3(OH)-N;N-C,5ll5 

they are often called di.sazo-compounds. (2) Those having the 

Much of the (-omiucrrial lii.smarc.k bi-owii con^i.-ils of the compound 
Cfilld ’NiN •C„U..(^Tl..)..h, a disazo-dorivativc (r.h). 

t 'file wliolo nonu-tu-.lalure of a/,o olyestutrs i.<i of an arbitrary character. 
Thus the compound C,dl-/X:N‘( ^11-, was originally termed azobeii/.eue, 
wlu-reas the substance N'l'l was called diazobenzeiu! cliloride, 

althouoli the mimber of nitrogen -gizote) atoms is’ identical iu the two eom- 
pt)Uii(l.s. 'flu- expression tetrazo-compounds is commonly apiilied to sub- 
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twi) N.'N* groups attarlied to tlio same bunzone ruig, wlnh) 
til-* aiixoohronie is in another ring — f.y., hcnzi-iu azobfii/criiM/D- 

pin'Ii.il, 

C,;I1 .•N:N b,H<-X:\-('Jl4 (1)11). 

• 

Thiise oC tiic lirn/idiiK' class, in which the t%s<) • N ; .\ • 
grou})s an' in liilVcnMit rings, wliich ai’<‘ united, 

Tlie dvestulls of the iirst of (iicso groups are obtained bv lin^ 
action of a diazo-sall <tn an ainido- or hvairox \ azolxMi/.i'iu' dcri- 
^ at i \ e , thus from d ia/obcn/- ‘tic chloride are 1 dili vdro\\'a/oli('n/:cni! 
(ri'.soreinolazohcn/i'nc), resorcinolilisazobeiizoiic is prepared : - 

I r„Ur.N;N •<',;! I;; (OH), 

:= (Oin,-\.N'r,;li.. i IK ! 

K' smx iiKtldi' .i/olu ti.'t II.', 

]n practice NaOH wouhl be present to (ahe up I he lll'l. 'I'h. 
meinlx'i's f)f the sia'oiul grou)> are obtained by dia/.ot ising (p. 'J!*.';) 
aiiiidoay'olxm/ejK' deri vat i\ es (or hoinologues thereof), and coin 
bining tile products w it li amines or phenols ; - - 

(1) hllfl ! M) ()1I 

•Viiii.i.);!/. .li.'ii/i'ii.' liv.ii ■ 

(',;I1,'.\:X-(V,II, N-N <d I 211011 

(2) C\;ll. N:N O,li,-\:.\-Cl i CJI-'ONa 

■..h.'ll/i'IlclKI/.i. 'Ill'll i'lc. 

l;. ieriM'.i/,,l„ iw. iM':i/M|. Ill'll, ,1. 

Biehl'icll Scailot, made by dia/.ot, ising amidoa/.oJien/erie disuh 
v'lonic acid and eoiiibining the product with /j iiajihthol, 
is an examph' of a commercial dy«‘Sful]' of this class; it, con- 
tain. s sod i uni hmizeneazolieiizeiK'azo- j*-napli t ho) disulphonaLe, 

( 1 1 4 (.S( ).v\a.) • \ : X •( V.I I > , N a e N ; X ( i „ I ( ,i( 0 1 1 ). 

atance.s iioutaiiiing four N atoin.s, wh. i-, ,i. ihc term <lo.t/,o < '»i!i|i.,iiiiii,. li 
iiscii n,i' connioumls containing the '-amc nmiihcr ot X afoni's thn prciix 
apjilying in tins case not to the nnmhci' nC aioin.s hut to the nuiuhci of 
■X:X • •.;rou[i.''. Lhalcr tlic-'C circiiiu.'-i aiiccs the following empiric, il 
anangeiiu'nl may hr* adopted, It .standing lor a mul' iim lcns : 

( I ) Moiia/o 1 ( III, poimd.s ot tlu' loi in K ' X : X ' It ; 

(2j l)isa/.o-compoiiiid.s of t he t \ pe K ’ X 1 X ‘ 1 1 ' N : N' Jt ; 

(d) Itiazo eomjiound.s of tlie form Jt N : X ( tl ; 

(1) I'ri.sazo-eonipoiind.s it ‘ X ; X ' It • \ : X • It ' N : N 'It. ; 

(a)®'J c( razo compounds 1 1 ‘ X ; X 1 1 • 1 1 • X : X' ’ It. 

It will h'^ noticed tliat in ihe mona/o-eo pounds (lie ‘XiX ' group 
attached to two ring niieh i : in the disa/,o-eonij*ound,s two ‘XXX grou|is 
are attach 1 to three ring nuclei ; in the ‘ha/.o eomp»)un(l.s a single • X : .\ • 
group is attaclied to one ring nneleii.s, the ether homl fif the group lx iug 
t^atisfied witli an acid laflicle, '“.g., t'l ; tin the frisazo-eonipound.s there .oi; 
thrte •X:N' groups attached t(» four ling niieici ; whilst in thcteli.i/o 
compounds two ■ X : X’^ • group.s arc attaclied to four ring niu h i. iwm of 
tvliich arc ihemselve.s uuited. ♦ 
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Th(‘ isomeric compound, 


Cfill.lSO.Na) • N: N • tV;lI , • N : N • 


is crocein scarlet. ^ 

'J'Ih*. (ly<*.si nil's ot these two classes of tie; so-called tetrazo- 
dyestuffs dye wool and silk in acid haths, hut can only he used 
for cotton with aluminium mordants, in which case they yield 
lee hie and fugitive shades. 

'I'o this class also ladong a number of hlack dyes, larg(dy used 
for wool-dyeing. fhr.y are all <h;rivatives of ainidoazonaplilha- 
huK' — napllthol black — obtained hy coinhining /3-naplithol 
disuljihonic acid with dia/,otis(“d /:l-naphthaleni^ azo-a-naphthyl- 
auiine disulphonic acid. Similar bodies — diamiogen black- - 
contain another undiazotis«‘(l NIU group, and an^ capal>le of 
dyc'ing cotton witiiout a mordant. 'I'hcy are oft(!n again 
diazotised on the cotton, and then combined with a diamine 
or na])htliol, 

Mf'inbers of tbo third (•l.•l,.s.s aro obtained by diazttlisino 

(1,,11,-Nll, 

benzidiiHi 1 and its derivatives or tlnnr homologues, and 


(VH, N: N CI 

combitdng tln^ pi'oduct, of the form | (tetrazo- 


(bH,-N:N‘Cl 

iliplienyl chloridci), with amim^s and plnnuds. 

Congo red (used as an indicator ami a dyestuff) is the tvpt^ of 
this class, iind is pre[)ared by (u)mbining diazotisial Ijenzidino 
wit-li «-napbthylaniine sulphonic acid, the product having the 
Ibrmula 


(;,;ll4'N:N-(hoMd-'^tbNhi)(NIh,) 

I 

(:,dl4 N:N-C,oII,(SO;,Nu)(NII,0. 


These benzidine tetrazo-dyestidfs are notable as being ' ‘diris't 
cotton colours” — that is, tlu'y will dyo cotton in fairly fastsliadrs 
without tin' aid of mordants. It is only in accord witli the 
general remarks at tin; heginniug of this cliapter that the cotton 
absorbs the dyestutf more readily from a strong dye-bath than 
from a weak oni', and tliat tin; presence of any substance in I lie 
bath wliicb will dindnisb tin; soluliility of the dyestuff, sindi as 
salt, will facilitate the dyeing. 

A live closi'ly comifcteil with those of tlie azo-group is priinu* 
line, wliicb is tlie sodium sulpfionate of '‘primuline base,” the 
product of the action of solphur on paratoluidine at a Ipgb tem- 
perature. Tin; cliromopbore of the priimiiine- derived colours 


.-N - 



appears to be the group 
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The primiiline base itsi'lt' consists of a l)0(ly possessin*^^ the 
formula 

V n.. H,. 

, S' 


tOL'ethor with a similar compound coiitaininir three sueli rin<:s. 

("otton can h(‘ directly dyed with primuline (yellow), which 
has a coiisiderahlo atlinity for its fibre, hut |)rimulim' has a 
wider application for producing; “ingrain’’ colours. Tin' pro- 
ct^s.ses for producing ingi’ain colours -consistirpij in forming 
th<‘ dye in tin' fibre, in similar manner to that adopt('(i lor 
the precipitation of insoluble dyes, cjj., Pht/rOj, in the lihre — 
are specially advant a_i!:<‘ous in tin* case of a/.o dyes, wldch may 
b(' ]>repar('d in the fibre by one of two methods (1) th<‘ tiibric is 
pa-sed sticeessivel y throU'4}i baths eontai n ini,' a phenol in alkalim^ 
.s(dution and a solut ion of a ilia/o-eoinpound resjx'ct ivel^ : (2) t Im 
fabi ic is impreonated with solutions of a diazo compound and a 
phenol, whicli are tln'ii made to react, by }).assay'c thi’ouoh an 

alkali. The on'at advantage of this met.iiod tor azo eoloiirs 

ri 'ides in the faet that, wln-n lln'.se are used for dyeitej:; in tin* 
customary way they nmsl la' u-ed as snlphoiuc .a, .-Ids oti account, 
of (licit’ insohthiiicy, and this ncee.ssity is uvoidcnl hy the pro- 
cesses d('seribed .above ; wool and silk ]i.av(; an atlinify lor sneli 
sniplioide acids, but eotlon i^- tinablr to fix t.bem /x j‘ sx. 

In.asmueli as priniiiliiK' • otitains an N H cfonp, it. is ca pable 
of diazot isal ion and <»l siibstapnuit combinalion with a pln'iiol 
• c an amiiK'. Il thus lends it sell t.o t Int product ion ot’ inirrain 
colours, wldcli is last cllcctt'd in this case by lii-si dycin- ibc 

iifc with primnliiic, then diazolisino this in sifn by p:e^saoe 

ihroii^di a hatli of sodium nitia’t(‘ and ;in acid, and finally t rcaU - 
ini;’ th(' <liazotised fibre in a bath of a jdicnol (»r an aniim'. Tin^ 
diazotised jtrinmlim' is dcconipcccd Iw lii,dit, and < annot, be vid,- 
sc([iiently dcvelo]){'d in a phenol Itatli. It «’am tlieri'fotc, be 
used t^ir j)liotOi'ra])l]ic printing, botli on fabrics and lilnis. 

■ Vzo-dyes arc eliaractm’iscd by (be case with wbicb they are 
reduced to tlie eorn'spoinlino ainidfcconipounds by the action of 
.such a reagent as .stannous cliloridc, the clir<nnophore N X 
being thus broken dowji, tin* nitiogc'ii atoms becoming singly 
]iid<cd, and jniri pansu tlie colouring matter decolorised. 

{r) Quinone Derivatives. — A (piinom- is a^dika'l.om- (a dcrivat.ive 
containing two T Cl ; 0 gronjisj liaA inga ring nucleus vjj., 





if 





() 



298 


COLOUUING MATTERS, DYEING, AND PRINTING. 


Aniist roii^' lias su^i^ostod that tho colour ot coloured substances 
is d('|ien(|cnt upon their pjossession ot a structure analogous to 
that of (juinonc (“ quinonoid structure”). The oxy^oni ot the 
^ 1 1 ; ( ) L;r<ju[)s may be exchanged lor otlier eieuieuts or groups, pro- 
Yidcd that, ilic (loiil)li' liiikiiiL^ If' preserved and t,iH^ ■■ #Hi monoii 1 
Rl no t, tiro ” of the prodm t maintained. Anotlua- characteristic of 
the (jiiinonoid stnieturo is the existtuice in the compound of au 
u n, sat mated ring nucleus, such as that of ben/eiie, containing six 
elements, two of which are the, k(!t»m(' or modified ketom^ gimups. 
(In at (linicult.y has Ix-en experienced in Iwinging all coloureil 
Hiibslances within the limits (lenianded by a ([uinonoid structiing 
and t,lie, hypothesis is aecorclingly ^till not fully suhstantiati d . 
A siibsttince such as a/.ol>en/,ene, (l,.llr/N : N'C,dfr,, needs ])ro- 
ibuiid altm-ation of ils accepted formula to ctiusc; it to conform 
with the nMjuinnnenls of the. theory. 

t^hiinones gemu'ally tirc! powerful chroniogens; the >(k() group.s 
or tlndr fapiivaleiits ar<'- 1 he ehromophort'S, and tlm child auxo 
chrome is hydroxvl, so that li vdro.xyqtiinones arc the commonest 
dyestulfs of t, his class. In quiimnes d(‘rived iVom the bmizene 
Sl ides the hvdroxy([uinone.s and the (<d rahydroxyipiinones act, a,s 
feidile adjective dyes, Iml- the dihydroxyiiuinones are incapable 
of dyeing to more than a slight, <‘.xteiit. I u two-ring derivatis es, 
siudi as (hose of na{)ht hoipiinomy 

M () 


llCj 

(11 

IK 

icH 


and in (h'rivatives of anthraquinone, 

CO 

C„H4 C.db 

CO 

those hydroxy-dmdvat i\ es which hav(‘ an hydroxyl group in a 
position ad jacent to that of the (juinoii ic oxygen are alone capable 
of acting as dyestutls, and usually there must lx* two hydroxyl 
groups pri'seiit, adjacent to eacli other, one of whicli is adjacent 
to the quinonio oxygmi. Tin* cliief niemh(‘rH of the group of 
quinone dyestuffs an^ given lielow ; they are mainly used as 
adjective (lyestufVs, for althougli capable of behaving assuhstau- 
tive dyestutls. the dyes produced are comparatively leeble. 

Dih vdroxymiphthoquinone, J I ^(0H)._,0., (liaphthazarilie ; 
alizarin black), is pr(‘parc(l t ('clinically by Jieating a solution of 
« dinitronaphtlialene in strong sulphuric acid with sulphur 
Besqnioxide. d’ho dyestulf r.-; the scxliuni bisulpliitt' compound.* 

' It is oliaracteristic of tlie kctoiic.s, as of the aldehydes, to form 
adilitive coiii[)oiiixl-i with hisulphiies. 
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QninoiK' clycstulls from benzc'iio or ii:iplith:iloiie ;ir<* of littlo 
iinportiince, but those from the next hii^her sei-ies (untliraeme 
seri('s) arc* lai^^ely use(]. 

Hydroxyanthraquinones. — In acconljinee with the statement 
already wiade iclative to tlie inllinuiee of tin' hydroxy i^ronjts in 
quinonic derivatives of the ita})litlia!ene and anthracene serit's, 
it follows tliat only such poly liv»l roxyant hracjuinones as have 
hydroxyl eroups in the 1 : '2 positinus (Ihe inientation of 
anf hraeene derivatives is indicated l»y ihe formula below) are 
<l\t Stulls, 'riu' diliydi'oxyant hraijuinom* in wlih b tlii! hydroxyl 
; 4 roui).s have these posilions is alizarin. 

Alizarin was t'oi'inerly oluained Irom madder. Madder is tlu; 
root ol /uih'ia h iit'for/i iH, toiinerly much cultivated in Italy and 
hrinee. 1 ill- rot)ls are allow»‘d to remain in tin* yu'ound alter 
tlm leaves liav<‘ b(!en retmcved, dunnij which sojourn (lVe<[U(’nl I y 
la^fiti^’ lor years) a ferinentai ion occurs, wlo-reby alizarin is de- 
veiojM d bv the hydrolvsis of the eluctjsidr' ruberythlill, ' '-,d )| |, 

floi-^. f l!1{.,<) - ^ 

feriiKMi! inducing lids clianoo is called eryllirozyilie. Other 
^dueosidrs a.i'c present, whii.d) als<» yield alizarin, in addition to 
jiiiroiiriiL and isonui'purin. d'ln' amount ol’ dided madder ob- 
tai'sd is about pi'r ••enl of I In' weight of the orijjjiiud rooi. 
'I he tola! eohuirine matter :a about d per cent, of l In* weiii;lit of 
tin; madder, 'llie madder is |uej),ired fu- tin; market in varioii.s 
torms ; thus '■‘e.-u-.i urin ” is prepared by soakiiye; the madd<'r in 
water, addiny'' dilute suljihurie acid to tin- imust mass, and hoilia^ 
wirli steam whei-diy I In- ydueosidf's are hydrolysed ; “ llowers of 
madder” is jua^pared by (I’ealino the maddi'r vvitli water or dilute 
uilplmric acid to rernova* yellow colourini; matters, .Madder is 
still used to a .sniall extent for dyeini^ wool, but it lias Ix'en 
almost, driven out of the lii'ld (es|i('(da.lly for eottou) by artilicial 
:tli/ariii. Alizarin i.s now made I’rom amhraecne, <'i,ll,,p whii'h 
is purilied by distillation in a curn'iit of steam, ami the finely 
divi(fed product tri'ated vvitli (In* cah-ulated ijuantities of sodium 
bicliromati' and sul[ihuric acid, w heri'lo if isoxidi-ed toouthia 
quiiione 

O 




lie ,, . 

(dl 


Ib’i.c 
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By the use of a rtfjzulated quantity of the rea^mls, oxid.ation of 
coiuaminating hydrocarbons i.s avoided, and a fairly pure product 
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obtaiiipcl. 1'ho chrome-alum left by t he reaction of the sulphuric 
acid on the bicliromate of soda is precipitated by excess of lime 
and the mixture of chromium oxide, lime, and calcium sulphatt; 
roasted, calcium chromate beinj^ formed, which is converted into 
sodium chromate by treatment with sodium carbonate fA)lution. 

The anthraqiiinone is purilied by dissolution in two or three 
timos its wfUL^dit of sulphuric achl at 110'" C. 2.‘hr F., and 
crystallisation by coolini^, tlu' I'csidtie beinq precipitated by the 
addition of water. 'I'he im{)urities in the aiithra(|uinon(‘ are 
coiivcrti'd into sulphonic acids by this treatment, and remain 
in solution. Sublimation in a curnuit of steam completes the puri- 
lieation process. 'I'he anthra<juinonc is rusvt treated with fuinin<r 
sulj)huric acid, wlnueby a mix ( ui-(^ ol' mono- and disuljihonic acids 
of anthraijiiinone, flj ^ 1 b.().,(l IS( ),() and ^ ') 1 1 l(;hh.(l 1S( I’csults. 
d'he bunperatuni of sulphonation is kiqit low in or<i«*r to obtain 
a lar^Mj yield of mon(.)sul phonic acid, wdiicli alone yields ali/arin, 
altlmui^h tin*. disul])honic acitl is not, usehsss, since from it 
ultimately formed isopurpurin and lla\ opurpurin. The next 
s((q) consists in satuiatin;; ilie sul[)honic acids with calcium 
carbonate.', and con vert ing the calcium sulphoiiab'S into sodium 
salt.s by treatmcid. with sodium carbonah*. The interrmaliate 
use; of calcium carbonates cllccts a sa\inu,' of soelium carbonah' by 
iH'ul ralisin^' the excress of sul[>huric acid with a cheaper matc'rial. 
d'ne sodium sul[)lionate's ar<‘ mixccl w iili thicer timers tln'ir wc'iuht 
of caustic soda (dissolved in water) ami some sodium chlorat(‘, 
in an iron prc.ssure* vissscl provideel with an agitator. The 
inixturer i.s ke'pt at a le'mpe'ralure' e)l‘ l<S0'''te» ‘dOO'" (f — bob to 
F, for some' days. Dming this tinu' the sodium .antlira- 
(pdne)iie iuone)sul])honatc is exmvu'rterd into soeloxyanthraejninone, 
thus — 

CidbO.dStbONa) -h dNatHI = -i- Na,8(),, +IIX). 

'Phis body is tlu'ii oxidised by the .sexlium chlorate in presence 
of caustic soda into (li-ReMloxyanthraquiiione (soelium ali/iirate). 

C,df 7 <b(ONii) -I- NaOIl -t- 0 - ('.dhAdONa), -t IhX). 

The sotiium antliraepiinoner disulphonaters, which are mixed 
with ther moiio-erompound, yield rcspei'tively the isomerides 
isopurjiurin and flavopurpurin, both having the; formula 
1 1 h ()„(( )J1 )„. The melt is boiled with water, and ther 
dyi'stutls preei{)itated from tier solution by the addition of 
hydroehletric acid, filter pp'ssed, anel made into a pa.ste (conttiin- 
ing about 20 per cent, eif solid eld est ulf) with water. Alizarin 
when once elryeel and anhydrous will not PV'dissolve reaelily in 
wat(‘r, whence the jiraetiee of selling it as a paste h.a.s arisen. 

Me'avly pure alizarin is useal for dyedng blue shades of red, 
whilst an alizarin paste rich in isopurpurin and flavopurpurin is 
used for ye'llow shades. Alizarin is widely imecl for dyeing and 
]u'intiug cotton, and e.specially, of recent ye-ars, for elyeing wool. 
The fabric is mordante-d in accordance with the colour ree|uii ed. 
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The metallic mordants form salts (alizarates) containing the 
metals in place of the hydroxyl hydroi^en. The colours range Ironi 
red witli alumina, to violet black with iron and violet brown 
with chromium. The mordanted fabric is immerstnl in a vat 
coTitainifig alizarin paste suspt'nded in water, and the whole 
slowly boiled. Large qmuitilies of alizarin are us(;d for 'rurkt y- 
red dyeing. In tlm original form of thi.s process the fabric is 
sauiratf'd witli an eniul.''ion of ranciil olive oil [huilc tournaiilc) 
in .sodium carbonate solulion,and exposi'd to flu' air, jireh'rably 
at a soiiK'wliat (devatcd teni]>era( ure. Oxidation of the oil en- 
sues. and hydrox v-ftltv acids are formed, whieh remain on the 
tilin* after the supciiiuous oil has been washed oIl‘. 'fhe fabric is 
tlirni tre:ite({ with tannin in a snmaeli bath, and witli aluminium 
acetate, when it is ready for dyeing with alizarin. 'Die pn'senee 
of lime in j lie alizarin bath is m'ees.sary, and, should lliewatiu’ be 
soft, iiiiH' must i)(‘ supplieil in I be form of ealciuin acetate. The 
pn bminary treatment with oli\e oil emulsion is tedious, and is 
t ow _em‘rally re]*laeed by the iisi' of 'rurko'y red oil (y.r.), ilie 
?iec(\-sity for tli(‘ oxidation of the latt-v acids by ju’olongf d 
exposiirt' to .air being thus removml. The rest of the process 
is similar t'l (hat desei’ibefl for tin' ohh'r method. 'I'lie fiinefioii 
ot' I lie oxidised oil, however obtained, is slatcii to be part.Iy tlu- 
form;ir.ion ol’ .an alnmininn. fatty salt, whieh gives a liner r(‘(i 
tfan .alumina, itsi'lf. and p.art ly the protc'ciion of tin' eolonring 
Tiiaticr by a \'.ii-nish-l ik<‘ liuii of oxidisi-d fat (y acids an (‘xpl.ana- 
tioii lacking con lirmal ion. 

Tetrahydroxyanthraquinones, ),. -Tin' mo.st im 

portant of t, he.se is “.alizarin llordcaux’’ (used for elicirv ri'd 
sb.ades on .aluminium monl.ants) obtaim'd by the .action of fuming 
suljdiiiric acid on <lry .alizarin and irealnnmt of the jiroduct. with 
hot water. 

Alizarin cyanine is .a pent.ahydroxyatithr.muiiiom', and gives 
.shades very similar tr> those, of aliz.arin IJordeanx willi alumina, 
but biu(' sliades on elnamiinm mord-ants. 

Ali.'^aiin blue S, or soluble alizarin blue, is an alizarin product 
of solin' importance as an indigo substituti'. It is jireparerl Ipv 
nitrating .alizarin siispemlefl .ami [lartially dissolved in glacial 
acetic acid. The pi'odiict, jd-ni(roaiizarin, (’, ,J l.^(N(), ,](),,(( )f] 
is licated to 1-50° 0. - oOl'" R, wdth sulf)hnric acid and glycerin, 
\vl)('rel)y it is coiiverta-d into aliz.iriii bljic wdiich is dihydroxy- 
antliraquinone quinoline, 


f 


. 


,(T{:CH 


The sodium bisulphite additive compound of this constitutes 
soluble alizarin blue. The jire.sence of quinolinic nitrogen in 
alizarin blue givefi it a feeble ba.si? cbaract(3r. With cliromium 
oxide as a mordant, the blue colour produced by soluble alizarin 
blue is comparable with that of indigo. 
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Acid alizarin blue, largely used for <lyeing wool violet, is the 
di:iini(l<wli.sulphonic acid of untliracliryson, which contains the 
four (JII groups in the positions I : 3 : 5 : 7, and is conse<ju(.‘ntly 
IMJ dy<? 8 tufr (?;.«.). 

Anolher clasH of ipiinone d(!rivatives consists of the QUinone- 
oximes. These contain an /NOH group in place of the ( ) of one 
of the CO groups churacteristi<r of a (juinone. Thus the naj)htho 
quinoncoxinM?, 

NOll 

! - r' 


giv('s a green dye with iron inordaiiis aini a red with cobalt. 

(t!) Triphenylmethane Derivatives. •— The triphenyimcLhane 
coloiirirjg iiialterH are oxidation products of certain ainidte and 
hydroxyl-deri vativ<‘.sof the substituted parallin ii iphtuiylmerhane, 


C,Ha 


lie 


Thus, paruleucaniline, 


lie 

gives rise to pararosaniline. 


C,ll5 

Ccll^. 


rfiiidNii,) 

(’filClMI,) 

(’«lldNliah 


.-(’elldNH,) 
CC (\dl4(NHd 
(V.II 4 --MNH), 


wlnn two hydrogen atoms are removed by oxidation. ' Tho 
cliromopliore in this chroinogen is the ijiiiiionoid group 

C ■ 

= R 

in which Jl is either : Is 11 or O. The formula given above for 
pararosaniline does not rejpresent au isolated coiupouud, for ib 
only exists in the salts of pararosaniline,* of the form 

U.(M 1 ,) ■ ' 

C„H 4 (NH._,) , 

« n ci 

* There is some evidence in favour of regarding the salts of pararosaniline 
and its derivatives as having the form Cl-C(:CalLNH,),, in which case they 
would partake of the naturA of ethereal salts derivM from the carbinof. 
This view requires confirmation. 
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the acid radicles of whicli constitute the auxoclironio. When 
the salts are treated witli bases, a pararosaiiiline bast', sut li as 
triatnidotriplienyl carbinol, 

. C«ll4(NiJ,) 

' Co!b(NlI,) 

(Nil,,) 

is obtained. 

This is a colourless sult.stanet^, and on treatment with an aeid 
yields a coloured salt, the aeid radicle st'rvini' as an auxochroine 
as mentioned above. Ditierences of colour in the tlyestulfs thus 
produced are caused by the introduction of liydrocarbon radiches 
us substitutes for the hydrogen of the ainido groups. Jiosanilino, 
tile basis of th(‘ eommout'st aniline dyostulf, magenta, dilfera 
from pararo.saniline in that it contains an amidotolyl group, 

CHa 

CcH.s 

\NH.i 

in j)laee of one of the airiklopheny) groups, OqH 4 (NIJ.>), 

Altliougli constitutionally tlie jircfixed “para” ri'fers to tlio 
position of the amido-groups in the henzeiK! nuclei with n'sjiect 
to tl)<‘ methane carbon atom, yet the expres.sion pararosanilino 
is arbitrarily used to distinguish this substance from the methyl 
substituted body of similar constitution. 

The starting point for tlyestulfs of this cla.ss (“aniline 
dyes”) is benzene or a homologue. Modern practice reijuirtes 
the preparation of approximately pure hydrocarbons, cliiolly 
UgIlj{CHg), whereas formerly, mixtures of 

til- se were commonly used, such as “30 per cent. Ixmzol ” and 
“!J0 per cent, benzol” (Vol. II., p. Hti). The liydrocarbon 
must first be converted into a nitro-dorivative, which is then 
reduced to the corresponding amido-compound. The deserip- 
tion of these processes as apjdied to benzene is as follows: — The 
licnzefte (about 1,000 Ib.s.) is charged into a vertical cast-iron 
cylinder and a mixture of 1,280 Ib.s. of nitric acid (specific 
gravity 1*39) and 1,790 lbs. of sulphuric aeid (95 to 95 per 
cent.) is run in, in a very slow stream, the charge being agitated 
and the cylinder cooled until the whole of the acid has been 
added, wlien the temperature is allowed to ri.so to about 
80“ C. = 17G°F. When the mixture has .settled, the acid is 
drawn ofl’ and the nitrobenzene, 0,^IIr,(N();i), washed with water. 

Nitrobenzene is a yellow oily li(juid, boiling at 206" C. = 
403“ F., anft having "a specific gravity of 1*18. It has a char- 
acteristic, somewhat fragrant odour, apd on this account is used 
for scenting common soaps, as a substitute for oil of bitter 
almond.s. When it is to be thus employed it is redistilled 
and termed “essenjse of mirbane.” When dinitrobenzene is 
required, the benzene is treatetl with two separate nitrating 
charges, and the temperature is allowed to rise more rapidly. 
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The isomeric dinitrohen/.cnes — bodies crystallising in yellow’ 
needles— are allowed to B(^ttlr and are washed, first with cold 
water jind finally with hot water. 

Aniline is <d)lained by the reduction of nitrohenzttne by iron 
in the presence of water and ferrous chloride, whicl? acts as a 
carrying agtuit. When aniline was first made on a coinnu'rcial 
scale, Hnfiicieut acid was usefl to supply, by the action upoiL 
it of the iron, enough hydrog(“n to convert I f,,(N ()._,) into 
Nil.,). In modern pradice only enough acid thydrocliloric 
jieid) is n.sed to start the reaction, which then proceeds thus; — 
'riu^ small (piantitv of hydrochloric acid reacts with the iron to 
form (potential) hydrog<;n (whi(‘h reduces nitrobenzene to anilirm) 
and terroiiH cldoride, which in its turn reduces a further (juantiiv 
of nitrobonziMK^ to aniline, hy<lraled ferric oxide and t<Tiic 
clihu’ide being form(;d. 'I'he fiu-ric compounds art? reduced to 
ferrous compounds by the metallic iron, and tlnui the ferrous 
chloride goes through the cjarle of reactions already described. 
'I'he following e(juations may b(^ tak(Ui as repr(*sentativ(‘ of the 
changes involv(!d : — 

Kc f- ‘21I(n .= I- «('!.. : If. 

CfllldNO.,) t Hr, = (V.M.slNH.,)' i 2\\J) 

(;«n:,(NO,) : OKcCi; }• 11,0 (•.;tl,iNlf,) e •JKoXle + Fe-A 

+ Ko .‘{Ket’l. 

4Fc.,(.).i i Vo : 

The final products are therelbn* aniline, hydrat(‘d ferroso- 
ferric oxi(l(‘ and fiu'rous chlori<le. 

The process of manufacture is conduetcul in a cu.^t-iron still 
jirovided with an agitat»)r and a hopper for the gnidual intro- 
duction of the iron (borings). A portion of the iron is first 
introduced, st«’am is injected, and the hydrochloric acid run in. 
Th<‘ nitrolM'iizene is then allowed to enter. At first water, 
auilin(‘, and nitrobenzene distil over, .and are pumpt'd Itailc 
into the still. Tin* rest of tlio iron is addeil by degrees, and, 
wlu'U' the violence of the reaction has subsided, steam is again 
turned in. Tin? aniline is thus distilhal over without the 
addition of a l)as(^ (e.tj., lime), which w.as formiTly neces.sai'v 
when excess of acid was used. An orvlinary charge consists 
of alM)ut ‘2,GS8 lbs. of l)orings (“swarf,” tlie .serajjings of soft 
castings), ‘ijIloO lbs. of nitrolienzcm*. and Ilf) ll).s. of hydrochloric 
acid. The reduction should not be conducted rapidly, or witli 
excess of iron, ns the wiiline may be convertcal under sucli 
conditions into benzene and ammonia. The disti,Med aniline 
sulisides to the bottom of the receiving tank, and is drawn oil' 
and rectified, the little that remains in the water b'dng re- 
covered by using thi.s to feed the boilers supplying steam to 
the still in which the nitrobenzene is reduced. 

Aniline, when pure, is a colourless oily lifjuid (the commer<‘ial 
product is generally hrow’n), of specific gravity 1'027, and boiling 
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&t 185" 0. * 365" F. Auiliue ol' good quality does not contain 
more than 0*5 per cent, of water. There are SLweral grades of 
commercial aniline (“aniline oil”) used in making aniline dy<'s. 
Thus, there are the grades “pure aniline oil” (“anifine for blue”), 
“ aniline fOj^red ” and “ toluidine." Tlu* tirst is nearly pure aniline ; 
the second consists of a mixture of aniline, orthotoluidiue and 
paraloluidine ; tlie third is a mixture of orthotoluidiue and ptira- 
toluidine (the latter amounting to al)OUt .3.') per cent, of the 
whole). Aniline hydrucldoride is known eouimerciiiUy an 
aniline salt. These bases, as well as xylidine, are made by 
methods similar in principle to that described for aniline. 

All triphenylmethaiio derivatives are obtained by the (dimimi- 
tion of hydrogen from phenyl derivatives, in tlu' pia^sence of 
some methane derivative, which may take the form of a metlnl 
group in one of the phenyl derivatives, or may bo brought 
into play in the form of a simple inetliaiie derivative. 'Dins, 
triphenylmethane itself was originally prepared by boating 
benzylidene chloride with mercury diphmiyl. 

ChH,CHC 13 + (Cells), Hg = HC ™CoH,, + HgCl, 

^CcH., 

In this case it will lx* noted that the chloriin' atid mercury both 
occupy the place of hydrogen, and that their mutual elimination 
is. therefore, chemically equivalent to the elimination of hydro- 
gen, The othiir typical tuethod, involving the use of a simple 
methane derivative, is excmplitii-d by tlie reaction (in presence 
t f aluminium chloride) — 

C,;ll., 

.’ICelle + CIICI 3 = HCv^ ('Jf, 1 .'MICl 
'CJI;, 

an actual elimination of hytlrogen, as IICI, occurring. 

Sincf^ triphenylmethane does not eontain a eliiomophon^, it is 
not a chromogen. Its amido-derivatives, which, as stated above, 
are capable of becoming chromegens, are prepared iiy undliods 
analogous to those already mentioned, the atiiido-derivatives of 
benzene atul its honiologue.s forming the raw materials. Thus, 
pararosaniline base is prepared by eliminating hydrogen from 
a mixture of aniline and toluidine by oxidation. In this case, 
the methyl group of the toluidine affords the methane carlxm 
atom round which the amidophenyl groups are disposed, thus — 

2C,H5(NH,) + CcH, g",,. ’ + 0, = HO-« ~C„H,(NH..) + 2H..0 

Of the six hydrogen atoms eliminated by the action of the three 
oxygen atoms, two have been le#fc, together with one oxygen 

*20 
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atom, as essential parts of the pararosaniline ijase (the r(;lation 
of wliieh to pat arosani lint; has hern aln-ady fiivi'ii;. The mtjthod 
f»f oxidation (‘nif)loye(l is similar to that us<‘il in tlu; case of tho 
production of rosaiiiline (magenta; fuchsilie). r.irarosanilino 
base is only used in the j nod net ion of “aniliiH! hliu! (c.i.). 

Magenta, the caunmonest aniline colour, is obtained by a 
reaction similar to that expn^ssi-d by the abov<‘ etjuation, save 
that two iiMjlecules <d‘ tolui(line and one molectde of aniline are 
the j)ro|iortionH of these bases. 'Ibis alteration is nec'essary, 
because tli(‘ rosaniliin* base contains an ainidoUdyl grou]) in 
]ilac(“ of one of the atnidoplnmyl ;^rouj»s, thus 

/f.;ll.,irils){Nlb) 

Cell, (Nila) ■( 12Ccll4 <^^,„‘‘ - H()(; C.dbiNU,) + L’lLO 

'I'lu' treatment of the rosaniline bast* with an acid induces the 
fornialbm of the chromoj»lu>ric group, <>lindnates water and forms 
the rosaniline suit — c.y., 

11 Cl 

(V.I],(C1I,) - .Ml 

t\;lU(NH,) 

^ l’«H4(NII,) 

'Pile process is carried out in one of two ways, wltich dill’er 
nici'ely in the nature of the oxidising tigent umsI. TIk* oid(‘r 
jiroet'ss consists in beating alaml *)()0 kilos. «»f “aniline for red” 
with 7'i0 kilos, of arsenic acid solution c(»ntaining (>U to 7l) )ier 
<'enl. of ll...-\s()^, in inui pots, the teinperamrt' bt'ing slowly 
raistal to lf‘^0 C. dob I*’., and the conl(‘nls of tin* ]a)ts well 
stirr(?d. 'Plie heating is continued until a sample is found »o bo 
brittle on cooling. Oidy about (wtMidrds of the bases in the. 
aniline for red is converl(*d into ro.saniline by this process, ilu^ 
n'tnainder distilling over ami lu-ing w<.rked up with *he next 
bat(di. 'Phe melt tauilaining rosaniline arstMiiti* ami arsenate and 
ai M-nious acid, fonmal by tin* reduction of ar.scnic aidd. is broken 
up and boib'd out. with wat(‘r, sodium cid<»rid(* and liydroi-hloric 
acid being addeil to the lii|Uor ; rosaniliin* hydrochloride is 
pr(*ei]»italed .and is recrystallised from hriin*. A'arious oth(*r 
colouring matters are produced in minor amount, and ar(* re- 
<*overt*d ironi the in?ither lii|m)r. One of tin* chief is chrysaililine 
((Y.llif.N;)). the liydrochloriile of whii'h is known in tin* pure statt^ 
as phosphine, a dye.stutP u.sed for Icjitln'r and silk. 'Tin* iirscnious 
and arsenic acids are recovt*red hy evaj)orating the licjiiors .and 
burning the residue with tin* w.asfe organic d.arry) mafler of tho 
process. Hy this means tlu*’ arsenic is* lilx'rated .as As. Its 
vapour is mixed with air ’‘nd burnt toarsenious oxide in another 
chamber. This is converted into arsenic acid hy nitric acid, the 
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nitrous fumes from the oxidation being re-oxidised to nitric acid 
by uir in presence of water. Thus nitric acid and arst iiu^ acid 
Bcrve as carriers of oxygen from tlie air to the aniline and 
toluidine to bo condensed for the production of rosaniline. 
Magenta cjjtained by this process is rarely free from arsenic. 
J.egislative enactments in most countries have enforced the 
«l)sence of arsenic from pigments and dyi'stutfs, and in con- 
sequence nitrobenzene is now largcdy used a.s an oxidising agent 
in j)lace of arsenic acid. Ajiilim* for red (iOU parts) ami nitro- 
benzene (10 parts) are heated with a small (juantitv of ferrous 
chloride to about 17r)° 317"’ F'., care being taken not to 

exceed this temperatun'. The reaction must not be pushed too 
far. and the mass on cooling should still contain soiiu^ aniline ami 
be eonsequently soft. This aniline is extracted by diluU' hydro- 
chloric acid, and the main mass containing ro.sanilim* is werlual up 
us in the case of that produced hy the arsenic imUliod. In tlui 
niLrobenzene jiroeess, th(' ferrous chloride acts as a carriiu’ of 
oxygen to the aniline. It is doubtful whether the nitrohenzeim 
acts in any way other than as an oxidant, for it appears that it 
does not yield aniline as a product, or, if it (lo(!S, that this 
aniline remains as such at the end of tlie reaction, necessitating 
the extraction with hydrochloric acid already spoken of. Tho 
(lyestufF ol>tained dili'ers in no great <h‘gre<^ from that prejiared 
by tho arsenic acid process, hut is of course free' from tract's of 
arsenic, and thus meets legislative retjuirements. 'fhe yield, 
especially of the best grade of magenta (7.?’.), is, however, slightly 
higher. The total yield is aliout 33 })or cent, of th(i bases usctl. 

he liyt'-product eliaracteristic of this method is the iliduline 
(V ’ , in plact! of the chrysanilim- of tint arsenic acid pro- 
cess. Obviously, the cost of this prot'es.s varies moie greatly 
with the price of benzene than does that of the arst'iiie method 
of pi’eparation. 

Magenta, as at present met with in the market, is rosaniline 
hydrocfclorido, HCl,tll.,0, the iminufacture of ( lie 

acetate ami nitrate being obsolete. It crystallis<'S in oi:ta)ntdra 
or rliombie tables of green lu.stre, dillicultly seluhle in cold water. 
Jt dyes silk ami wool directly from its aqueous solution, and 
cotton with a tannin mordant. It i.s brilliant , hut not fast to light. 
When it is required to dye with magenta from an acid dye-liath, 
the sodium salt of the disulphonic acid, <-'2J'iiN:,(>SOsNa),,, is 
prepared by heating rosaniline ]jydrocI;lor*ide with fuming sul- 
phuric acid at IhO' 0. ^ 302** F,, the usual practice of neutralising 
with chalk j^id forming the sodium salt by the action of sodium 
carbonate on the calcium salt (see AUzar^r.-i, p. 300) being adopted. 
The substance thus prepared (acid mag'enta) is a metallic looking 
powder easily soluble in water; it is used for dyeing wool and 
silk. Magenta base ^(rosaniline base), C^H^iN^O, is prepared 
by precipitating tho hyclrochlori4e with lime or ammonia. It 
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separates from the filtered li(|uid in crystal.s. which are diolour- 
IcH.s wiieri kept from contact with an acid, hut .si)eedily become 
pink on exposun; to air from absorption of It is sonn;- 

time.s used for tlie i)roduclion of the snlplionatc (le.scril)od above, 
and of other colours (r./.). < 

Other aiiilintJ dyestuffs (blue and vioUtt in colour) are deriva- 
tive's of rosaniline or pararosanilint', cuntainini; paratiin or 
aromatic radicles in place of the hydr..gen in the amido-groups. 
Tie* typical method ori^dnally used for pn-paring them consists 
in treatin.^ ro.sanilino wdth a halogen substitulion product of 
methane or ethane— c.//., (Ml., Cl or ( !.,I tin; hydroi'en of the 
amitlo-groups of the rosaniline being thu‘« exchanged for a paraffin 
ladiile. In modern practice it i.s louml prefer:), ble to coiiMii 
substituted anilines into corresponding substituted rosanilines, 
inste.'id of using th<‘ substiiution proce.ss given above, 'fbus, 
in till' preparalion of methyl violet (a mixture of tel ramethy 1 , 
pentiimethyl- and bex.-imeibylpararosaidline), ilimelby laid line 
is prepared by beating anilim* with exce.'^s of mi'lliyl alcolud and 
liydrocblorii' acid, or sul|»liurie ai*id, in en.um'ileil iron digesit rs 
at. a temperature, of l>0''' to -00'’ - 30 ( 1 ' to .‘{'.11’'’ F. 'I’lic ba,'*c 

i.s liberated with lime, distilled, and freed from mononu'tliy 1- 
aniline and aniline by freezing artilieially. 'FIk* diim'ihylaid'ine, 
heated in a current ol air witli enja ii- chloride 
(from sulphate of copper and common .salO, which behaves as 
an oxidising agent, the miprous chloride [irodueed ai-ting as a 
i'aiTier of oxygen (<;/! Dettam's Chlorlno, p. 4 1 1 . IMionol 

i.s commonly ad<l(*d, hut its funetio)) i.s not ch^ir. 'I’lu^ double 
cuprous chloride of methyl violet is treatcil with ferric chloride, 
cupric chloride and ferrous chloride lu'ing thus formed, and the 
liydrochloride of the methyl violet is salted out in tin' usual 
w'ay ; (be yield is nearly that indicated hy tlu'ory. The com- 
meroial salt occurs in amorphous masses of gri'cn lustre, giving 
violet solutions which becoim* l)lu(*r the furiher the substitution 
of methyl groups for hydrogen has Ihhju i)ushe(l. As in tlie eas»' 
of magenta, aulphouuted (h'rivatives are sometimes prepan'd, 
the metluHl adopted consisting in nahietion to the leuco com- 
jxrnnd,* sulphonatioii (p. 307), and suhsequenr oxidation, 'fhis 
order of treatment is made requisite l»y the dillieulty ot diri'ctly 
sulphonating methyl violet. .Methyl violet dyes silk and wool 
(linvtly, and cotton with a tannin mordant. 

T'he pure hexamVthylpararosaniline constitutes another ilye- 
Stull' of this class, and is known as crystal violet. It is prepared 
hy the action of carbonyl chloride on dim^thylanilieie in presi'iice 
of zinc or aluminium chloride, the reaction proceeding in two 
stages, thus — 

• The term “ leuco-com pound ” i.s commonly applied to the product of the 
reduction of organic dyestuffs by means of the action of zinc in acid or 
alkaline solution (“nascent hydrogen”). 



VICTOHIA RLUK AND NIGHT BLI K DVKSTl'KFS. 


309 


CuH4Mc:ii3). 

(1) ‘2CcH5 N((-Hy).. + COCi. - l l)<^ }- i»na 


(2) CO 


C(;H4'N(CH3 ).j 


Tetramethyidiaiiiidobenzophenone. 

C«}i4N(CH,), 

C«Hi-N(Cll3)a - C,H4 NiCH.,), 

^C\;K4N(CH,), 
Hexamethylpararosaniline base. 


'riie commercial "Tialt is the hydrochloride, and is used in the 
same way as magenta. 

The aniline blues are examples of substituted rosanilines 
containing an aromatic radicle.. When aniline is heated with 
rt)saniline no reaction occur.s, unles.s an organic aci<l be prescmt 
(iKmzoic acid for choice); a very sm.dl proportion is requisite to 
induce their interaction. The aniline u.sed is pure (“aniline for 
blue”) in order to avoid the red tom^s produced by higher bas(*s. 
The highest substitution product that can be form(‘d in this 
manner is triphenylrosaniline, U,olli,;( 0 ,;U^) 3 N 3 , which has the 
bluest .shade of the phenyl derivatives. To ensure its production 
a considerable excess of aniline is needed. The method of manu- 
facture consists in heating rosaniline base (50 parts), aniline 
(300 parts) and benzoic acid (3 parts) to 180"' C. ™ 350“ P. 
The mass is partly neutralised with liydrochloric acid, and the 
hydrochlorkh? of triplumylrosanilino crystal lise.s. The aniline 
blue thus obtained is but little^ soluble in water, hut iairly 
ea-ily soluble in alcohol, whence its name “spirit blue.” It is 
chiiMiy used for the preparation of sulphonated derivatives, 
which are readily formed by the action even of vitriol insb^ad 
of fuming sulphuric acid, the sodium salts being known by the 
names of “ alkali blue ” * and “ soluble blues,” and being us(*d for 
dyeing cotton, wool and silk.^ 

A cl^s of dyestuffs related both to the aniline violets (in 
their mode of preparation) and to the aniline blues, in respect of 
the fact that they are aromatic derivatives, may he mentioned 
here. They include Victoria blue and night blue, and are di- 
phemylnaphthylmethane derivatives. By the action of OOCI 2 
on dimethylaniline, as in the preparation of the aniline violets, 
tetramethyldiamidobenzophenone is produced. This is heated 
with a dehydrating agent and phenyl a-najddhylamine, yielding 
bodies of the form ’ 

» . 

C , CjjlB hi (Cllgjg 
""^C,oH 6,= N(CeH.) 

/\ 

, H '. 3 

— ^ 4 

* This can be used in an alkaline bath, hence its name. 
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Th<‘Ke 1 jIu<‘.s (ly<‘ ailk and wool from an acid hath, and cotton 
with an alumina and oil mordant or with tannin. 1’hcy tire not 
faat to liu'ht. 

'J’Ik; foro^^iinj;' dyostnirs contain thr(‘n ainido- or siihstitiited 
umido-^rou[)s. Another series of dyestulfs is derived from 
diamidotriphenylmothaiie — 

(’.dldNiy 

HC^ CJUlMlj) 

""'(V.n,-. 

The principal dyostutV of this class (malachite green or benzal- 
dehyde green) is prepared hy heating a mixture of Ixinzaldi'hyde 
and dimethylanilim* with hydrochloric tu-id, w’'nTel)y water is 
eliininat(Ml, thus — 

i>('.dlAN(('H;P., ! QlljClIO = IK:- (Vdl^-NiCU;,), ) lf,0 

Tin? hMU!omala<‘hite green thus produced is then dissoKa'd in 
hydrochloric .acid, and oxiilised by the ad.ditioii of thus — 

irC: - (\,ll. N(f’li:,)a i- O h UCl := C:f (V.lIi-NfCHrd, ■ II, 0 


(’ll:, Cl 


The lead, which remaitis in siduiiori as chloride, is [)r(?ci[ulated 
by means of .sodium sidphate. and the dyestuff is salted out with 
zinc (.‘hloride, with which it forms a- double salt constituting the 
couuiK'rcial product. The oxalate is also prepared. Malachite 
gn‘(Mi forms green crystals of imUailic lustr(‘, readily soluble in 
w.ater, dyeing wool and silk ilircdly, and eottoji with a^ tannin 
monlant. It i.s not a particularly fast colour. 

Aurine dycvstntls are tripheiiylim'thaue di'rivatives containing 
])henolic hydroxyl groups, the pari-nt suhsiance being trihydroxy- 
triphenyhiietliane, 


m: 


(’fiHifOlI) 

Cr,H4(()H) 

QirdOM) 


A metliod of synthesis of theoretical interest consists in con- 
verting pararo.saniline hydrochloride into triamidotripheiiylcar- 
binol trihydrochloride, 

, (’olfdMUMCl 
HO - C C«Ii«(NH.,)Ht:i 
' ^CsH^iNILiHCl 
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by the action of hydrochloric acid and water. By treating this 
with nitrous acid it is diazotisod (p. 293) into 

/C^H^NrNCl 
H0-C^C«H4 N:N Cl 
^CV,H4N:NCI 

which, on hydrolysis, is conv(*rtud into trihydroxytriphenyU 
carbinol, 

.-CV,ll4(01t) 

HO-C - 

this body at once loses water, and becomes the corresponding 
inner anliydride (aurine), ^ 

114(011) 

C,ll, .() 

The actual nn'inljcrs of this class of dyestufls are substituted' 
aurines.^ TIh^ commercial product called “aurine” is pri'iiarcd 
by heating 3 parts of phenol with 2 of anhydrous oxalic acid 
(potential formic acid) and l-o of strong sulphuric acid, to a 

temperature of 120'’ to 130’ C. 248° to 2()0° P. 

-11 

SCeH^OH + C :() + O = C CVJClMl + ;dl,0 
^OH C,;ll4 -0 

3'h" formic acid represented above is a product of the breaking 
dosvn of the ox^ilic acid ; tlu^ source of tin? extra oxygcm reijuiri'd 
is not delinitely known, hut it is prol»ahly the air. Tho melt is 
extracted with water, the product heiug a green lustrous suh* 
stance, hecoming browui on.jjowulrring. The eomtm’rcial j)roducn 
obtaiied in this way is termed yellow coralline, and consists of 
a mixture ot aurine, rosolic acid- its motliyl (b*rivativo and 
other colouring matters. By the action of ammonia, in alcoholic 
solution, upon coralline, a mixture of .suhstances (called peonine) 
intermediate bt^tweeii aurimi and rosolic acid on th<‘. one hand, 
and pararosaniline and rosanilino on tho other, is obtained. 
Coralline is not a fast colour, and is chielly used for colouring 
wall paper, and as an indicator. -r 

Phthalein dyestuffs are a class of tripbenrlmethane derivatives, 
of which tile chromophore is the lactone ring — 



They may be regarded as subfetitution products from phthalo- 
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phenono whirli is tho inner anhydride (lactone) of triphenyl- 
rnethanocfirbinolorrhot arboxvlic acid ; — 

110 - Cells — OC ; Cells + 

^CfilUCOOll i C 6 II 4 CO 

I . ..! 

Triph»‘iiyliiu!thsitu;rar])iiJolortho- I’hlhalojihfiionc. 

Varhoxylii; iK'itl. 

Tlioy are obtained by the use of phthalic anhydride.'*’ 

C 0 
0 

c; - o 

When this compound is heatc'd with phenols (tlie OH groups of 
wliich act as auxochromes in th<^ final product), wat(T is elimi- 
nated, and two ring nuclei take the place of one of the carbonyl 
oxygen atoms, as will be seen in the following case : — 

lly heating phthalic anhydride with phenol in the presence of 
a dehydrating agent ZnCb,), th(^ following reaction occurs: — 

yC:r.O y - :() 

C,1I, ■> 0 . aCjUj-OH == \() , ,, ,, 

c = o 

The body tlius formed may also he represented as dihydroxy- 
phthaloph(‘none — 

C6H4f>ll 
■ (’,d 1 4*011 

! (V.N4'C() 

I. . .1 

This compound (phenolphtholein) — which is a {)alo y(>llow 
crystalline substance, sparingly soluble in water, but freely in 
alcohol — yields derivatives in which the phenol hydrogen is 
exchanged for an alkali metal : these are bright red and are 
decomposed by the feeblest acids (e.f/., CO.,), so that phenol- 
phthah'in is useless as a <lyestuft', but valuabU* as an imlicator. 

Fluorescein is obtained wImui resorcinol (metadiliydroxy- 
ben/.eiie), 1^(011).,, is substituted for phenol in tlie above 
reaction. 

* T’litluilic acid it? nia»lc by oxidising tm})hlhalcnc by heating it with 
sulphuric acid of 100 per cent, strwigth in itres^nce of imf cury. Tho 
nia.Ks ifj heated to 300° C., whereby tho phthalic acid is dehydrated and 
phthalic anhydride distils. Tire sulphuric acid is, of course," reduced to 
sul]ihur dioxide, and by reconverting this into ^ulphuric acid (by tho 
contact process, Vol. 11,, Chap. I.)* atmospheric oxyg«m becomes tho 
actual oxidant of tho na])htliaU)pe. Phthali'' anhydride crystallises in 
lon^ flexible colourless needles, mc^s at 128° Cf = 2H‘-* F., boils at 
‘284^ C. = 543° F., and becirme.s converted into the acid when boiled 
W'ith water.. 
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The resorcinol for the manuiacture of this dyestufl' is pi t'pared 
by {using benzene metadisulphonic acid with caustic soila. 'J'he 
sulphonic acid is made by heating benzene (free from thiophen) 
with strong sulphuric acid, which first yields the inonosulphonic 
acid ; on neating this, dissolved in the excess of sulphuric acid 
originally taken, with sodium sulj)hate in order to allow of a 
high temperature (225“ C. 437' ¥.) being obtained (by the 
formation of NaHSO^), tl»e disulphonic acid is produced; it is 
converted by the usual methods into the sodium 8alt(p, 300), and 
this is Jidded to fused caustic soda, with which it reacts thus : — 
C 6 H 4 (S 03 Na )2 + 4NaOH = CgH^lONa). i- 2 Nj4SOs + 2 H 2 O 

The sodium resorcinol is dissolved in water, the solution made 
acid witli hydrochloric acid, and the liberated resorcinol (‘x- 
tracted with amyl alcohol, which is afterwards separated by 
distillation, leaving crude resorcinol which is purified by dis- 
tillation under diminished pressure. Kcsorcinol crystallises in 
colourless needles and prisms, melts at 119° 0. - 24G“ R, and 
boils at 276“ C. = 529“ F. 

Fluorescein is obtained by heating a mixture of two molecules 
of resorcinol with one of phthalic anhydride to about 200“ C. = 
392° F. No dehydrating agent j.s necessary. The first product 
is resorciDolphthalein, 

OC— CoHalOH), 

! (-Jt.co 

I ^1 

wli ih then loses a molecule of water, becoming finorescein, 
/tV"3("H) 

/ 

OC CcHaiOH) 

I ' CfllbCO 
I I 

Fluorescein, as generally prepared, occurs only as a brown 
crystalline powder, insoluble in water but soluble in alcohol 
to a brown solution, showing, particularly when dilute, a green 
fluorescence. It is too sensitive to liglit to be used as a dye- 
stuff; its halogen derivatives, on the ot\ier hand, are thus 
employed. Such are the eosins, alkali salts of lialogen sub- 
stitution prc^ucts of fluorescein. Ordinary or “soluble” eosin 
is the potassmm salt oflf tetrabroinofluorcscein, 

/CeHBraft/lv) 

//^ 

, OC^-CoHfir;01v) 

I ! 
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AVI) IMUVTINO. 

It is propiu-ecl either by direct hromi » 

pCMuled ill alcohol, or by preparing a “‘hjition of Huorescein sus- 
and broiiiate, by dissolving Ijromine ^bxture of sodium broinidi? 
the solution (to decomposi* liypobiom? eaustic soda and lieating 
with one of tluorescein in caustic so<la mixing this solution 
mixture, 'rhe aci<l liberates bromuiv^jjj .■i,(ji(Iiiyi„or cooled 
liydrol)romic acid and bromic acid, aiK.» |,y intemciion of 

of the lluorescein which, being *ti*''Oluble broinination 

is {uccipiialed. It is dissolved in poUs.sii^ uiiueous liquid, 

and tin; potassium salt is thus lonm-d. - cjo-bonate solution, 
crystals, highly fluorescent in dilute forms reddish 

dye, though bettm- in this respect than ^ 

for wool and silk in an acid bath on acc fluorescein, but is used 
shade whicli it yields. It is mucli v ount of tlie brilliant red 
pn'paring lake pigments (g.v.). ised for red inks and for 

Eosins soluble in spirit (erytf^^^ 
substituting the group OII3 or kj-fucs) are also prepari'd by 
sodium salt of tetraiodolluonic\_,Hj. for one atom of K. d'he 
known as erythrosin. Thi^cein constitutes the dyestuff 
direct action of iodine ujy substance is prepared by the 
oxidising agent, which incion fluore.scein in presence of an 
the hydrogen iodide for/fentally secures economy of iodine, 
to iodine, which is avafned by metalepsis* being oxidised 
duct is used to some eble for further reaction. The pro- 
aiid for making orthochr-ent as a dye.stuff, as an indicator 
the substitution of ^wo^diatic piiotographic dry plates. By 
atoms in QGfhied u\k<vvi 40 ,, groups for two of the bromine 
eosin, eosin scarlet or safrosin can bo 

' pared. 

By heating resorcinol with a chlorinated phthalic anhydride 
instead of phthalic anhydride itself, bodies are obtained which 
contain chlorine in the j group. These Substances, as well 
as their bromine and other derivatives, obtained as above, find 
application in silk dyeing. 

By substituting pyrogallol, C^H3(OH)3, for resorcinol 'in the 
reaction with phthalic anliydride, gallein is obtained instead 
of fluorescein. (Both this and similar derivatives of phenols 
containing more llian two (OH) groups, yield darker colours 
than those of the dyestuffs from phenol and resorcinol.) The 
primary product is pyrogallolphthalein, 

‘ /C’«H,(<)1I)3 

bcC^CcH,{Oli), 

I ^C6H4C0 ^ 

L 1 


* Motalepsia is a coiiveuient term for the class of reaction tvpiried by 
the removal of hydrogen by a halogen, as its hydrogen compound, and the 
■imultancoiis substitution of the halogen. 
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which, losing two molecules of water, becomes 

/ >■ 

OC(^ CgiyOH) 

j 

and then, by oxidation by air, gailein— 

/r? 

/ 1,0 

OC^ CV,H >(<‘H) 


In tlie inaiiufaeture of tlic dyestuff, gallic acid, 0,Jl2(0Ff);^00OTT, 
may l)e used instead of pyrogallol, as on heating it is converted 
into that body, COo being (dindnatc'd. (^)nimercial gailein is a 
violet paste, dissolving in alkalies witli tlu' production of a blue 
colour, lb dyes ehronuMiiordauU'd wool a dark violet. Ca3rulein 
is prepared from gailein by lieating tlie latter with 20 times 
its \v(Ught of strong .sulphuric acid at 200“ 0. - .‘>h2“ R Its 
empirical formula is being gailein minus a juoh'cide 

of water. Its strucfure is not deliuifely known, but it is 
believed to bo an antliraquinono derivative, wlnmce its alter- 
native names anthracene green and alizarin green. In iu« com- 
mercial form it is a black paste, solubh? in alkalies ; it is niuoii 
used for dyeing wool and cotton, especially iti calico-printingl 
It yields a fast olive-green colour with various mordants. • A, 
soluble form of coeruloin is the sodium bisulphite compound, 
0 .,oH,(\, 2 NaHS 03 . 

foregoing plithalein com|)ounds .are of an acid character, 
owing to the prc.sence of ph( nolic hydroxyl groups. When for 
tiles*' are substituted amido-groups, basic dyestuffs are formed. 
The simplest method of attaining this end would be, for example, 
to use metamidophenol, CgH 4 (()H)(NH) 2 , instead of re.sorcinol, 
as the compound to be heated with jihtbalic anhydride. The 
substance thus produced i.s of no practical value, but on using 
diethylmetamidoj)benol the dyestuff^ kifown as rhodamine is 
produced, thus— 

, ' 

;c-o 

= N(CaH5),Cl 

>0 • 

— C CflH3 

CfilJdCO • OH) . 
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This body, losing water, becomes rhodamine, 

/ 

OC (,(;H;j‘N(CaHc)2 
I '^t'oll.CO 
! I 

The cointiiercial product is the liydrocliloride of the base, uiul 
is obtained as n red powder soluble in water to «'i red fluorescent 
solution. It dyc.s silk and wool directly, and cotton with a 
tannic acid mordant. Tlw^ colour is fairly fast. 

A dyestuff known as rhodamine S is a coiulcnsatioii product 
of diethyluietumidophcnol with succinic anhydride 

A) 

( * .. 0 


in place of phthalic anhydride. It is not, therefore, a triphenyl- 
uiethane d(?rivative. It is very similar to rhodamine itsell in 
its dyeiii}.' prop(U'ties, but dyes cotton without a mordant. 

(e) Azine Compounds. — Th(‘ characteristic grouping which 
distinguishes these compounds is 


.N 



K" is a divalent radicle, such as (0^11,)", or its substituted pro- 
duct (CflHg'Clljj)". The t\y(> N atoms occupy the ortho position 
in both rings. Thus, the simplest body of this class will be 



Dlphenylene azine or phenazino. 


The nitrogen ring is*^thvs seen to be attached to adjacent C 
atoms ; the nitiogen atoms are therefore^ in the ortho position. 

i\v * • ^ 

The group <, l ^ is tjie chromophore of these bodies, but 

• • 

• It is possible, however, that this group really possessea the coiistitu* 
tion indicated by the formula H" * 
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tliey become dyestuffs only on the introduction of the auxo- 
chrome NHg or OH. 

An example of the formation of an azino is furnished by the 
reaction between a dihyclroxy-derivative and an ortho-diuiuine, 
in presence of oxygen, thus : — 



Pyrocatechol Orthophenylonedlamino. 

(Orthodlhydroxybenzene). 


N 



N 


Phenaztne. 

A general method for preparing dyi'sLutls ot“ azine type, eorisi^^ts 
in heating an orthoainidoazo-coinpouiMl with a monaiuine. 1 lie 
reaction may be represented as proeoiMling in two stages ; 

(1) (NHa)(CHs)CcHs ' N : N ' i- ll4 

Orthoamldoazotoluene. 

2(V.H,(CU3)(N1I,), 

Orthotoluylenediamiiie. 

[ 2 ) C6H3(CH3)(Nli2)2 + (’loHdNfts) 

a-Naphthylamine. 

= (CHalCcH.iC^ ^ ”o 

Eurhodine (amldotolunaphthazlne ). 

It is obvious that the elimination of 1 1 in tin; second part of 
the reaction more than balances the absorption of H in tln^ first. 
Thus, the reaction can proceed without the introduction of an 
external reducing agent. The use of an ex(*ess of the azo-com- 
pound serves to absorb the excess ot hydrogen after the above 
equations are satisfied. The actual i^etffod of production i;on- 
sists in heating orthoamidoazotoluene with a-naphr,hylamine 
hydrochloiSde, dissolved in pher bl, at 130“ C. = 200 " V. When 
the melt has become scarlet, the hydrpchloride of tlui eurhodine 
is precipitated by the addition of toluene. Trefitment of the 
hydrochloride with an alkali yiblds the free base, wliich forms 
yellow prisms or bijown needles. .Since the salts of eurhodine 
are decomposed by an excess of^ water they are not adapted for 



318 


COLOURING MATTKRS, DYEING, AND PRINTING. 


use as dyestutl's, the scarlet sliade which they impart to fabrics 
being bleached by water to the yellow of the free base. 

Another dye of this class, but distinguished by containing two 
ainido- groups (one of which contains two methyl radicles) is 
toluylene red, which may be formed thus — • 

CeH4(NHa)LN(CH8)2] + CyHclNHah + 0, 

Dimethylpara- Metatoluylene- 

phenylenediamine. diamine. 

/N- 

= LN(CHa)2]C«H8< + 311,0. 


\ 


Toluylene red. 


This dyestuff is also obtained as a decomposition product on 
heating toluylene blue (p. 322). It dyes cotton with a tannin 
mordant. Alkalies change its colour to yellow. 

It will be seen that the eiirhodines are ainido-dorivatives'of 
azines. By hydrolysis (heating with strong hydrochloric acid 
under pressure to 180° C. = 305° F.) the ami do-group is ex- 
changed for hydroxyl, the corresponding eurhodol being the 
})roduct. The typical compound of the class is hydrox;^olu- 
naphthazine. It is prepared from eurhodine in the manner 

indicated above. As in the case of all aziiu's, the \ I > 

\n/ 


group has basic properties, so that the eurhodols, which contain 
also phenolic liydroxyl, behave as both acid and basic comjtounds. 

Most ol the basic dyostulfs hitlnu-to dealt with are referable 
to ammonia as a type. The safranines, about to be spoken of, 
are, on the contrary, complex ammoniums, and are called azouium 
bases, since they re.seinble the azines in structure, save that one 
of the chromophoric nitrogen atoms has become pentatomic and 
therefore capable of fixing a monovalent positive radicle and a 
monovalent .salt-forming element or radicle (c.y., 01). Tliey all 
contain four N atoms, and at least three benzene rings. t 
The general mode of preparation of these substances may be 
ty}iified by the oxidation of a mixture of one molecule of a 
pfiradiamine, such us paraplienylenediainine, with two molecules 
of a momimine (as a salt — e.y., the hydrochloride), such as ani- 
line. The first stage of the reaction takes place between the 
diamine, oxygen and one of the molecules of the monamine, to 
produce an indamine thus — 

CcH^NHa -f O, -h NHj.- ^ \ - NHsI 

* Paraphenylenediamine. • 



Indamine. 


NH -I- 2H2O 
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It would seem that paraplienylencdiamine first hocruncs «ji'.iiu)iio 
<li-imide 



i.e.y quinone with tNH)" in place of the (> ol the (juinon<? C = O 
groups, and that this then undergoes eoiuhuisaiion with the 
aniline. In the second stage of tin* reaction, tlu^ indiiiiiine and 
tlui second molecule of aniline (as hydrochloride) iindt‘rgo a 
further condensation and oxidation, hydrogmi ia'iiig again rts 
rnoved as water. 


Tiidiimine. Aniline hydroehlorido. rin ntwiifraiiisie rMoridf. 



The chlorides of the safrxu.ines ant red, and become blue in the 
])resence of strong hydrochloric acid and green in th.'it of strong 
sulphuric acid, from tint foriuation of a diacid and a triaeid 
salt rt’spectively. On dilution with water the latter art* de- 
composed, and the ^ed colour is restored. PhenoB^-fraiiine i.s 
prepared by the reaction given above; tin* hydrochloride.s of 
the bases employed being dissolved in liot water and oxidised 
by poUissium bichromate or mangancsi; dioxide. The first stage 
(tint formation of the indamine) is indicated by tlie iii)p(*araiice 
of a blue colour, which speediiy gives place to the red of pln'iio- 
safranine. The chromium or manganese oxide and less basic 
dyestuffs present as impurities, are precipitated by caustic soda, 
the solution filtered and the dyestuff salted out, after tin* xiddition 
of hydrochloric acid. Phenosafranine dyes 'jrool and silk directly, 
whilst cotton requires a tannin mordaiit. The corresponding 
body, tolusa,)'anine (safranine T), js also a red dyestuff, capable 
of dyeing wool in an afkaline bath, and having a sliglit attraction 
for cotton fibre.s ; a mordant is, however, necessary for the pro- 
duction of a fast colr ur. This dye, prepared by the oxidation 
of one molecule of p-toluylenediamine, one molecule of o-tolu- 
idine, and one molecule of aniline, is practically the only safranine 
of this series used at present. 



320 ' ' ■ 00L0UEIK6 HATTBR8, DYEING, AND PRIHTIHU. . 

Mauveine has the empirical formula Co-IFg^N^, and has been 
shown to be a phenvl safninine. It is made by the oxidation ot 
aniline oil containing toluidine, by bichromate ot potash and sul* 
phuric acid. A black mass is obtained from which the mauve mu} 
be extracted by water. It was the first dyestiitfobtanied from ani- 
line. It i.i sold as a violet paste and dyes silk and " ool direct } . 

Naphthalene red (Magdala red) is another dyestufl of this clas-s 
made by reaction.s similar to thosi; used for phenosafranimsbut lias 
naphthalene rings in place of the benzene rings of the last-named 
ilyestuft'. It is madi^ by heating a mixture of a-amidoazonaplr 
thalene and a-naphthylamine. Naphthalene red has the tormuiu 

(NlljlCiidls Oi’iolb; 

cr Vxllc(Nlla) 

and occurs as a dark brown powder sparingly soluble injiob 
water. It imparts a pink Huorescimce to silk, Imt is scarcely 
used at present. 

Naphthyl violet, which ha.s the formula 

t'clls^f 1 

and its phenyl-derivative, naphthyl blue, 

OollA’l 

are .safranines obtained by luxating iiilroso-/^-naphthylamine with 
a-miphthylainiiK* hydrochloride and aniline. Naphthyl blue is 
also obtained by the action of phenol on hcnzeneazoph('nyl-«- 
naphtliylamine, two molecules of the latter condensing to pro- 
du(M‘ the dve. Uoth naphthyl blue and naphthyl violet are 
used ehiefly* in the form of their sulpiionie acids, which produce 
a strong fluorescence on .silk. 

A dyestuti' of similar con.stitution, although not strictly a 
safranine. is Basle blue, produced from diphenyl— 2 : 7— naph- 
thylenediamiiie by treatment with nitrosodimethy lam line. It 
possesses the constitution - 





and is used with tannin as merdant. 

*lu those ('onipouiKls It is uncertain whether the nitroffen atoms arc linked m shown 
In tlio formula for iwiththaicfie red or as in that for naphthyl violet 
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Among the minor classes (not provitled for in the classifica- 
tion given at the head of this section) of synthetic organic 
colouring matters, the following groups and individuals may 
be mentioned : — 

Qniuonoximes. — The simplest quinonoxime has the lormula 


0 

II 

c 



HC's^ . 'CH 
II 

N(OU) 

It is sometimes regarded as nitrosophenol, CgH^(NO)(OH). 
Thi? substance is not used as a dyestuff, but tlie corre- 
sponding body derived from resorcinol, viz. — 

“ quinonedioxime ” or dinitrosoresorcinol 


0 

II 



II 

NfOTD 


is thus used, and is made by adding sulphuric acid to an aqueous 
solution of resorcinol and sodium nitrite. The commercial dye- 
stuflf, known as resorcin green or solid green, occurs as yellowish- 
brown or green platens, or as a brownish powder. It is sparingly 
soluble in cold water and acts as an acid dyestuff. It is used 
for dyeing cotton on an iron mordant, the dye produced Vieing 
green. , Another dyestuff derived from resorcinol is lacmoid, 
fhe constitution of which is not definitely known. 
It is a dark violet substance, used as an indicator. It is made 
by heating 100 parts of resorcinol with 5 of sodium nitrite 
and 5 of water at 120" C. = 248" F. 

Naphthoquinoximes, 0 - CjqIL = NOH. — Two isomerides exist ; 
they are obtained by treating the corresponding naphthols with 
nitrous acid, and are sold under the name® of gambine R and 
gambine Y. They are used in calico-prtnting, with iron mor- 
dants, and pibduce a green shad" • The iron derivative of the 
sodium sulphonate of the oxime obtained from i3-naphthol, 

^ H 
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IS sold as naphlhol green. It. is a dark green powder soluble in 
water, and dyes wool siiui silk directly. 

The derivatives of tlie chroinophore quirionedi-iinide. 


KH 

II 



NK 

obtained by the interaction oi the dichloro-derivative of this 
eoinpoiind, C,.I1./N(!I1).„* wdth an aromatic ainiiu!, are called 
indamines. 'I’liey are more conveniently obtained by the oxida- 
tion of a mixture, of e(ju:d molecular proportions of an aromatic 
])ara<liamine and some other aromatic amine. Tlie equation for 
this reaction for paraphenylenediamine and aniline has lieoti given 
jil)()vcj (p. 319). The indamimt ])rodu(,*(*d 
,.?CcH 4 - Nil 

^(.VdldNU.,) 

is known as phenylene blue. It is a basic body, and its salts are 
groeni.sh-blii(‘, dissolving in water. They are not largely used. 
Toluylene blue has a similar st ructure, 

XCcll4*N(Cll;d2 
N V 

= Nil + 

/ \ 

CHs Nil, 

and is obtained hy oxidising a mixture of dimethyl pa raplienylmie- 
<liamine and melatoluyhim'diamirie. The dy<?stulf is gen(;rally 
})repared as the hydrochloride. It is very solublti in water. 
When lieat(‘d it yields toluylene red (p. 318). 

Theindophenols maybe rocrarded asderivativesof quinoi.oimide, 

Nil 



0 


* Oblaiiujd by the iici-ion of bleaching powder solution on i>!iriij)lu iiyletio- 
diauiine hydroeiiloride. 

t The relation to <|uiii(uio di-iraido is indicated by the prcaenco of two 
doubly-linked N atoms. 
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so that they differ from the indamiiies in that the (NH)" group is 
exchanged for a tioubly-linked oxygen atom. They are ol>Laincd 
by substituting ])henols for amines in the metliod alreaily given 
for preparing indamiues. Thus, the oxidation ot equal luolecular 
])roportihns of paraphenylenediaiuine and phenol gives indo- 
phenol, the equation being 

C6H4(NHo)a + CeH^OH + 0^ = + 2U,0. 

This typical indophenol is of no practical importance, 'fho 
dimethyl derivative (phenol blue), a greenish-blue sul)stanc<‘, is 
used tis a dyestuff. 

Naphthindophenol,* 0 = 

most important of this class of dycstulfs ; it is known as 
naphthol blue, and is prepared by oxidising an alkaline mixture 
of«diniethylparaphenyleuediamine and a-n:q>lithol by means of 
air or bleaching powder. It is a dark blue powder with a 
C()])pery lustre, resembling indigo, for which it. is nuich uscal 
as a substitute. It will be seen that the indophenols have no 
(Oil) group, and are therefore not |)henolic. 

Their leuco-coinpounds, however, have a phenolic function 
and are soluble in alkalies, and from the .solutions tlie indo- 
phenols are precipitated by oxidising agents, again rcicalling the 
behaviour of indigo. It follows from this that these dyest uffs 
can be applied in the reduced soluble state, and then oxidi.s(^d 
on the fibre, being, in fact, ingrain colours (s(m> rriviuHm, 
p. 296 ). 

Dyestuffs coutaiuiug Sulphur as an Esseutial Constituent.— One 
of these (priinulinc) has already been consiilenMl ; its constitu- 
tion is not sufficiently settled to bring it into this group, the 
dyestuffs in which are related to the indamin(‘s. 'J’his connection 
is evident from the. formula for thioniue, viz. : 

• >s 

xCells'NHa 

Compare that for phenylene blue (p. 322). 

On comparison of this with the formula for tin* azine dyes, 
it will be seen that these derivatives may also he rt'garded 
as “thiazines” (better termed sulphaziues ; also termed thiSr 


zimes) having the group , • 

S I ^ • 

The chroinophore is the same as in the indamine dyestuffs. The 
dyestufl^ in the form usually prepared, is known ns Lauth’s 
violet, which is tho hjdrochlorldo of the base thionine. It is of 
no commercial importance. , 

* Commercially known limply as indophenol. 
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Methylene blue is an ammouium base, but its structure ia 
. otherwise siiiiilur to that of tliioiiiiic, Itoing 

CHa (’1 

V 

>C,H, = N(Cll3) 

The principle underlying the methods of making this body ia 
the oxidation of dimethylparaphenylenediamine in the presence 
of sulplmr. For making this diamine, dimethyl aniline is 
treated with nitrous acid which converts it into nitrosodi- 
methylaniline, and tliis compound is reduced either by zinc or 
sulphuretted hydrogen. In the older process, this dimetlijl- 
paraphenylenediamine was treated with H2S and ferric chloride 
in acid solution. The reaction may be represented thus (the 
ferric chloride acting as an oxidant) — 


2CeH4<^ 


NHj 

N(CHs)3 


+ HjS + 2HC1 + Oa 


CH3 Cl 


y Cell, = NCH, 

= +NH4€l + 3HaO 

XCelVNlCHala 


The methylene blue thus obtained is thrown out of solution by 
a mixture of salt and zinc chloride, a compound with zinc chloride 
being produced. According to modern practice the foUowdng 
jirocess is preferred to that described alxive, as affording a better 
yield. It will be seen that whereas in the Older process a portion 
of the dimethylparaphenylenediamine is broken up with the 
elimination of ammonium chloride, thus causing the consumption 
of the nitrogen of a costly substance for the production of one 
of relatively insignificant value, in the later method no such 
waste occurs. Dimetjiylparaphenylenediamine is oxidised, and 
the red product treated "vyith sodium thiosulphate and an acid. 
The compound thus obtained, dimethylparaphenylenediamine 
“ thiosulphonic ” acid (v.t.), is mixed with difmethylanliiue hydro- 
chloride, and oxidised with a solution of potassium bichromate. 
A green crystalline indamine separates. 'Ifhis is boiled with a 
solution of zinc chloride, whereupon methylene blue is formed 
and crystallises as a doubl'd chloride. Tbe chemistry of the 
process will be obvious from the* following equations : — 
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Nil 

<1) ‘2C«H4< + 2HCI + 0, = ‘206114 r +2H80 

^NlCHa), ^NOIls 

/ \ 

. Oils 0! 

Dimethylparaphenylene- Methylquinonediiraide 

diamine. methochloride. 

{lied oxidiUion pr^iducL) 

NH /N(0H3)s 

<‘2/ CoH4^ + HS‘SOsH = + HCl 

^S-SOaOH 

Oils Cl Dimethylparaphenylene- 

dlamine sulphosulphonio add.* 

/N(CH3), 

ift) CcH,~NHa + 0|,n,-N(CH,). + 0, 

^S'SOaOH 


'CflHs/ 


= N 


N^CHs )3 
^ 0 


\ 


'S\S 

Os 


+ 21130 


\ 


CsH 4‘N(CH3 )s 


Tetramethyllndamine sulphosulpbonate. 

{Green compound.) 

This compound on being boiled with zinc chloride solution in 
presence of iron is both hydrolysed und oxidised, tho reactions 
being shown in the following stages — 

NfOilab 


<1) Nn 




<C„H 

' O3 
^ C6H4-N(CH8), 


+ H3O 


"N^CHa), 


= +H,S04 


' C„H,-N(CH,), 
Leucomethylene blue. 


Cl CH, 




r H ./N(CH,), .C,H, = N(CH,) 

+HCI.+ 0 = N^ >S +U,0 
CflHa'NiCHjla ^CeHsNCCKsla 

• ^ * Methylene blue. 

Heihylene blue is easily soluble in wMer. Like ammonium 
• • 

• Loosely termed thiosulphonic acid. 
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bases generally it is not a good dye for wool, but it finds 
considerable application for dyeing silk directly and cotton with 
a tannin mordant. It is ffister to light than is Victoria blue — 
anutlior basic blue dyestuff*. It is ot value as a stain for micro- 
scopic objects. 

Methylene violet is prepared by treating diinethylpara-amido- 
ph(;nol with an oxidising agent in’ presence of sulphunMled 
hydrogen. Since the parent substance; contains but one ainido- 
group, methylene violet has the struct un; 

(V.Ilrf O 
N Ns 

(*«H,NtCn3b 

Oxazine colouring matters, -'rhese compounds are analogous to 
the i)receding, for they are similarly const ituted save that oxygen 
U substituted for sulphur. They may also be prepared by 
methods similar to tho.se omploy<;d for their sulphur congeners. 
Thus, paracliainines may he lr(*aLe(l w’ith phent)l8 in ]>roseiico 
of oxygen, which takes the place of the sulphur used in tlio 
process for the manufacture of the dyestuirs containing sulphur, 
and the pinuiol su|>j)Iies the s(‘coinl ring nuck'us, which, in th<“ pre- 
paration of the sulphazines by the analogous process, is obtained 
at the expense; of a st'cond moieeulo of the panuliamine broken up 
by the oxidising agent employed. The pr(;)>ariition of naphtha- 
lene blue (Mehtofas blue) will s(‘rv<‘ as a tyjie ot the reaction 
which produces compounds ot this class. 

' Cl ('ll;; 


Nii,,na / '• ' '' 

(1) hCioHrOll N •' .0 i \U 

N((il3)a \c.„|[,/ 

Dlmethylparapheny- ^-Naphthol Naphthalene blue, 

lenediamine. 

To induce the occurreneo. of this reactii^j an ()xi(lising agent 
must bo present, and this is convt'iiiently turni.sh(Hl as iiitioso- 
dimetliylanilim;, which can itself take tlie [)lae«‘ ot paraphenylene- 
diamine as a raw material, undergoing tlie change 
, NO 

(i>) + 3HCI + ^CjolbOH 

>N(C»3b 

Nitrosodimeihy laniline. ■ N aphthol. 

Cl CHa 

\/ 

CflHs = N(CHs) 

«2N'/ No 

Naphthalene blue. 


1: 


/Nir„HCl 

.+ CeH4< - -hSHjO 

NNlCHsb 

Dimethyltfarapheny- 

lenedlamine 

hydrochloride. 
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It is obvious from a consuierutioii of those two rouctious that 
by the use of a somewhat larger proportion of nitrosoilimolhyl- 
aniliiie (acting as an oxidant) a portion of tin' dimethylpura- 
phenylene-diamine produced in equation (2), can bt? caused lo 
condense with aiiotlier portion of .d-naphtliol in accordanct' with 
equation (1); the paraphenylene-diaiuine iiltiniatidy left (liy 
e(iuation (2)) will be smalh^r in quantity than that first appe.ir- 
ing as a bye-product. By tlio extension of tiiis principlt; waste 
can be reduced to a minimum. In practice, the raw materiiih 
(nitrosodimethylaniliiui and /3-naphtln>l) aro boiled togetl)er in 
alcoholic solution and the dyestutf jirecipilated by the addi- 
tion of zinc chloride. The product is a bnuizc-viob't ]H>w<Ier, 
soluble in water to a deep violet solution, which «lyes cotton 
mordanted with a tannin mordant to an imligo blue ooKmr. 
A^hydroxyl derivative of iM»ddola’s blue, muscarin, is obtained 
by acting with nitrosodimethyUiniliiie on 2 : 7-dio.vynaplalui- 
lene. With tannin as mordant it produces a puirr l)lue on 
cotton than the preceding dye. d’lu' corresponding amido- 
derivative of Meldola’s blue is Nile blu^, obtained front nilro- 
Bodimethylmetaaraidophenol and «-napliihylamine. It dyes 
silk and mordanted cotton with a very pure green colour. 
When the free base of naphthalene blue, made by precipitating 
the dyestuff with an alkali, is In arod, it umh'rgoes condmisation 
and molecular re-arrangement. 'I'lie cliloride of the colouring 
matter obtained, cyanamine, possesses the emj>irical formula 
Cj^HogOOl, and has probably the constitution 

N(CHd>Cl Cftliax - XHC,n4 - Nd-H.'dh’l. 

Another important dye belonging totheoxa/.int s is gallocyanin 
which is pre})ared by heating together iiitrosodimet hylaniline 
and gallic acid in aqueous solution, and |in!cij)itating the dye- 
stuff by the addition of salt. If an alcoholic or glacial acetio 
solutfon is used, the dyestuff crystalli-ses on cooling. 

. NO 

Gallic acid. 



Coll •.N (dials 


> 0 

CcH(OH) 


"CUOb 


< -f- 311,0 


• Qallocyanin. • 


Gallocyanin is a greenish paste dissolv^g in liydrochloric acid 
with a red colour, and in alkaliei. ^dth a reddish-violet cohnir. 
The methyl salt, containing Clfg in the place of H of the (XffJJ I * 
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jrroup, is known as prune, Jind is bronze-colour in the solid state. 
These dyes are used in calico-printing on chromium mordants, 
with which they give violet shades. 

One other class of oxazincs called oxazones includes the 
dyestuff resorufln. This is prepared by heating resoriinol with 
five times its weight of strong sulphuric acid, containing nitrous 
acid, at 100" C. = 212" F., and precijjitating the colonring-inatter 
with water. In this process, nitrosoresorcinol is formed by the 
action of the nitrous acid on one part of the resorcinol, and this 
undergoes condensation with the remaining resorcinol, water 
being abstracted by the sulphuric acid. The following formula 
represents the structure of resorufin : — 




CflHa = O 

>0 


CeH-iOfl 


This substance is only coloured in neutral or alkaline solutions, 
which are not suitable as dye-baths. The commercial product is 
the tetrabromo-derivative (2 atoms of bromine in each ring), 
prepared by adding bromine to a solution of resorufin in potas- 
sium carbonate, and acidifying. It is sent into the market as 
the ammonium salt. 

The chief remaining synthetic organic dyestuffs may be con- 
veniently dealt with individually rather than in groups. 

Auramine. — This compound is a ketoneimide, the chromophore 
being C = Nil. It is prepared from tetramethykliamidobenzo- 
phenone, the formation of which is carried out by acting on 
dimethylaniline with carbonyl chloride 


/CcH4-N(CH8), 

2CoH 5-N(CH3), -f- COCla = + 2HCI 

^C6H4N(CH,)* 
Tetramethyldiamido- 
benzophenone. 


This latter body on being heated with a mixture of zinc chloride 
and ammonium chloride at 150" 0. = 308“ F. condenses in the 
following way : — 


CO 


^ CcH4N(CH8), 
'^C6H4N(CH8), 


/CflH4N{CH8)a* 

+ NH 4 CI = HN ; C < HCl -I- HjO 

\C6H4N{CH8)* 


Commercial auramine is generally the hydrochloride, a yellow 
substance slightly soluble in cold water. It is one of the few 
basic yellow dyestuffs, &nd dyes silk and wool directly, and 
cotton mordanted with a tannin mordant. , ^ 


* Recently, auramine has bqou classed with the diphenylinethaiie deriva- 
tives, and is alleged to have the formula 

/CflH4-N(CH8)a 

/\ 

CH, Cl 
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Tartrazines. — These dyestuffs are the products of the react ion 
between phenylhydrazine and diketones. The best known, 
termed simply tartrazine, is preparctl by acting on sodium di- 
hydroxy tartrate with sodium phenylhydrazine parasiilphonate, 
in the presence of hydrochloric acid. Dihydroxytarlaric acid 
may be regarded as derived from tlie diketone 

cool I CO 

COOIICO 

in which the two oxygen atoms have been exchanged for four 
hydroxyl groups thus — 

COOIf'C(OH), 

, COOH-qOHh 

Dihydroxytartaiio acid* 

The reaction between this body and phenylhydrazine may bo 
represented as follows : — 

COOnCfOHb 

! 2(H2N*NH-CoH4SOaONa) 

COOHC(OH)a 

COOHC = N~NH-C«Il 4 .SOoONa 
= 1 “ + 4H.,0 

COOH-C = N-NHCcIl4SOjONa 

Compounds of this type are termed osazones. 

Dihydroxytartaric acid may be prepared by tlie action of 
nitrous acid upon so-called nitrotartaric acid, obtained by the 
action of nitric acid upon tartaric acid. 

Phenylhydrazine is produced by reducing diazobenzene chloride, 
thus — 

, CeHjN : N CI -f U4 = CeHaHN NHj-HCl 

Diazobenzftie Phenylhydrazine 

chloride. hydrochloride. 


{The reducing agents used include stannous chloride, zinc and 
hydrochloric acid and sodium sulphite.) Tartrazine, the sodium 
salt of the above dicarboxylic acid, crystallises in yellow j)lates, 
soluble in water, and giving a fast yellow \iye on wool and on 
cotton with a chromium mordant. * 

Isatin yelllw is a hy^razone pre^^ared by heating a mixture of 
phenylhydrazine sulphonic acid and isatin (q.v.) in water. 



Isatih. 
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The colouring matter is ])rocipitate(l hy nfiitralisation with 
sodium carboriJito and tin? .'ul(liti«)n of salt. It ha.s the formula 

C: - X - MI C,;Il4SO.()Nii 
CcHr' con • 

\s 

Tt is a y(‘llow powdi^r Holul)lr‘ in water, dyturig animal fihni.s a 
grc<mislj v(‘ll()w in an acid hath. 

Phenaiithraquinone red is an osazone mad(' from plnmanihra- 

quinom^ | | and «-naplithylhydrazim; sul phonic acid (pro- 

('.dljCO 

|)arcd l)y the reduction of diazotisod a-naplilhylamiiU! suljjhonio 
acidj and has tin; fonnnla , 

C,dli(: = N - MICioH.jSOaONa 

ColUC -- N - NIK’iollfiSOaON’a 

Tho method of preparation is similar to that giv(m above for 
isatin yellow. TIkj last three dyes an^ similar to auramim' in 
respect of tludr chromophore. 

.riieiianthratiuinoru^ red is a brownish-red powder, whicli dis- 
solves in water and <iyes wool red in an acid bath. 

Aniline Black. —W'lum a sobition eoniaining aniline is tia'ated 
with an o.\idising agent, llie aniline los(‘S hydrogen and ht'coim s 
eonverted into aniline black, the structure of which is m)t undt'r- 
stood, though its ])crccntag<^ composition is identical with Unit 
of azobenzene, ami it may, therefore, be writtmi 1 r,N)„ ; the 
probable value of ?i is 3. It is insoluble in lU'arly all soliamts, 
strong sulphuric acid constituting an exception, .so that it can be 
used with dillieulty as a dyestutf; its j)reparalioii nniy, liowi*ver, 
be conducted in situ, a method wldch is applied in calico-printing 
and cotton dyeing. Tt is less suitable for wool on account' of tlie 
attack of tlie hbre by the necessary oxicfant. For ellecting tlie 
oxidation a variety of agents will serve, but potassium cliioiaie 
(or more commonly the sodium salt.) is preh'rred, and it is 
advantageous to use a imUallic salt capable of acting as an 
oxygim carrier. If chlorate without a carri(U* be u.sed, aniline 
chlorate is produced ; this is fairly stable in solution; so that the 
black is only fonneil 'v^hen the fabric is dried and the aniline 
chlorate broken up. For the carrier many compounds capable of 
readily passing to and fro between two spates of oxidation may 

r % 

* Mado by o.xidisiiig the portion of cru«le aiithraccno (containing jdien- 
anthreno) which boils between ami IMO" (.'. = o'.KV' and 040® 1’., with 
chromio acid in tho nnlnner ^already described for the mamifacturo o£ 
nnthratiuinoiie. ^ * 
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be used— those of copper (CuOlo, Cu^,(SCN).^,CuS,CiiS(\), van- 
adium (NH^^VOg), cerium (Ce^,(SU 4 ) 3 ), as well as potassium I'erro 
cyanide (K^FeCy^). Copper salts are most ^i»en(!rally use<l,yii l(iiiii> 
the most stable blacks. Since soluble copp(-r salts attack th t‘ iron 
and copper of the printing machines, copper sulphide and ciij'rous 
thiocyanate are preferable. In cotton printing, a mixiiin? of an 
aniline salt (100 parts), (generally hydrochloride,* for which, 
however, may be substituted a double sulphate of potas.sium .iml 
aniline), sodium chlorate (20 parts), copper sul}>hate (20 parts), r 
ammoniura chloride (10 parts) and 400 parts of water, together 
with a thickening agent (starch or dextrin), is applitd to the 
fibre, and the goods are aged by exposure t(> air at a tmuju'rat ure; 
of 30“ C. = 86“ F. For dyeing, potassium bichromate is used 
as an oxidant in sulphuric acid solution, ami the ihickeniuL: 
is oiftitted, the aniline black being precijiitatetl in th(‘*tibr»‘ and 
not in the hath. The bath is heated, after the goods have Ixteu 
introduced, to a temperature of 75'" C. 167 ' l'\ Tin* Kuidmuy 
of aniline black to “green” — i.c., to turn grc'cn in contact with 
acids, especially sulphurous acid from the products of com- 
bustion of illuminating gas— appears to \ni connected both with 
the extent of oxidation and with tlu^ composition (d' the salt 
used. If the goods have been aged or dyed at too low a 
temperature, the oxidising action, to a certain extemt, sti*ps at 
th(3 formation of the InKlics emeraldin and nigraniline, sul>staiici-s 
less oxhlised than true aniline black. The highly purilied an i lino 
oil (aniline for hliie, y.u.) now in the markot, yields hluc-hlai'ks 
which green easily. The presence of orthotoluidim* corn'cls this 
tendency, but if exces-s bo present rusty sluuh's arc obtained. 
With wool, it has been proj)Osed to use a sonn'what acid balli on 
account of the greater stability of wool libre in acid solution. 

Indulines. — These substances form a class of dy(;.stuffs, tlie 
constitution of wiiicli is still under in\estigation. Tin y ai-<i 
allied to the azine dyestuffs, but their two nitrogen atoms ar») 
not linlfed together. They are (juinomdmide dcirivativcs, hut; 
differ from the indamiii?;s and other <pnnoneimid<‘ dyestuffs in 
that they contain a nitrogen ring. 'J'h(3 folio N\*ing formula i(»r 
the simplest indulino (benzene induline), wliich lias not. yci 
been obtained, will sltow the quinoneimiiie siruclure ; - 

* Excess of hydrochloric acid appears to lead to the tciidiTing of tlio 
fabric by the formation of “oxyccllulose.” Aniline itself may lie dissop. d 
in aniline hydrochloride to minimise this ditlii'hlty. Aniline tartrate h 
often used instcjil of a part of the anilin* hydrochloride. 

t A much smaller proportion of vanidiura salts will servo this purpose 
(r.«.). One#part of vanadium ’s said to be (:."•[ >ahlc of oxidising gTo.Oi n 
parts of aniline salt to aniline black in presence of tlie nocessary amouiiL 
of chlorate. 

X Recent work has thrown considerable doubt ctl the accuracy of tlicho 
constitutional fonnuhe. * 
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^Here R represents a benzene rin^.) The other indulines differ 
from this in respect of the fact that for one of the benzene rings 
(or both) is substituted a naplithalene ring. Thus, the rosin- 
dalines are naphthoquinoneiinide derivatives of the type 



Nil 

The iaorosindulines are (kTivativ(‘s of quinoneiinide of tliis form 



Nil 

The members of the fourth class of indulines (the naphthindulines) 
contain two naphthaloiui rings thus — 

I I i I 


The general method of y>reparing indulines consists in heating 
amidoa/.o-coinpounds with aromatic amines in presence of their 
salts. Thus, the original method adopted for preparing the 
dyestuff first known as induliiie consists in heatvig a mixture 
of 100 parts of aiffidoazobenzene,* 130 parts of aniline hydro- 
chloride, and 300 parts of aniline in a cast-iron still, of ample 

• ^ 

* Amidoazohenzcne is prepared by passing nitrous acid into an alcoholic 
solution of aniline, whoret))^ uiazoamidobenzene, C 5 HJN 2 N HCqUr, is formed. 
This is dissolved in aniline in the presence of a litile aniline hydrochloride, 
and allowed to remain at a temperature of 30“ to 40“ C. = 86 “ to 104“ F. 
for a few days. Under these conditions it undergoes intramolecular change, 
becoming converted into amidoazobcnzenc, CaH 3 N 2 Cgll 4 NH 2 . 
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capacity, at 140“ to 150° C. = 284“ to 302* F. Tlio mass is riia 
into water and made alkaline with caustic soda in order tiuit 
induline may be precipitated, and unaltered aniliuo recovered. 
The induline base obtained in tliis way is sulphonatod, and the 
sodium salt* prepared. The pro»luct is known as induline 3 B. 
By heating with more aniline it takes up more phenyl (Cijll^), 
and is converted into induline 6 B. Besules these induiiiu‘H, 
several other benzene indulincis are produced by varying tlie 
proportion of aniline in the melt, and the temperature at which 
the reaction is conducted. The nature of the change generally 
consists in the substitution of pluuiyl or ainido[»honyl fop 
hydrogen. 

Azodiphenyl blue is the hydrochloride of benzene indulino 

(V.ff.). 

ln(juline B has the formula Cjjjll^^NgHCl.* Induline 311 is 
represented by the formula and induline 6B by 

CacHo^N^HCl. 

By heating the last named with paraphenylenediamine, a 
new dyestuff, improperly called by the already appropriated 
name toluylene blue (q.v.), is obtained. 

The substance immediately concerned in the production of 
induline 6B is azophenine, which can be isolated from the mass 
and certainly has the formula 


CcHjN 




Cfilla 




The indulines as a class are bluish-black dyestuffs insoluble in 
water, mostly soluble in alcohol, although induline 6 11 is bub 
little soluble in this menstruum. They are good fast dyes with 
some affinity for cotton, and are soujetiines substituted for 
indigo. Their sulphonated products are .sold as “soluble indu- 
lines" oji account of their solubility in water. Both indulines 
and their sulphonated p/odiicts are used for colouring varnishe.'y 
and inks. 

Another method for preparing dyestuffs of this class consists 
in heating nitrobenzene with aniline hydrochloride and iron 
filings. The products are called nigrosines. Their constitution 
and even th«ir empirical formula are not known. They are, 
in comparison with the indulines, somewhat* grey in shade, but 
are otherwise similar, * 

Rosindulinei. — Such dyestuffs of’vhis class as liave been pre- 
pared, are for the most part not yet of technical importance. 
The disulphonic acid of rosinduline has'found application. It 
is prepared by heating oenzeneazo Jt-naph thy 1 amine with aniline 

* The separate exi8teace*of this substanC' ’is doubtful as its structure i» 
not easily explicable. 
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and alcohol under pressure to 170° C. = 3.‘18° F., and sulphon- 
atiiig the product. By heating nitrosoplienyhiaphthylamino 
witli aniline, a compound, phenyl rosinduline, containing a 
plienyl grotip snhsiituted for tin; H of the NH group in the 
typical roMindulinii (juoted abov<% is obtained. At present it 
is usually made by lieating benzeneazo-a-naphtliylamine witli 
aniline in the presence of liydrochloric acid. It is used 
especially in the form of its <Iisiilplionic acid, called azocarmine. 
These dyestull’s are similar to Lin; induliiKiS, but have a reddi.sh 
shade. 

Complex indulines termed fluorilidincs have been pref»ared by 
Insating azoplieniiies with a dehydiogenatmg agent. They are 
of the form 

11 



Quinoline Derivatives. — One of these (alizarin blue) has already 
been mentioned. The constitution of the type-substance, quino- 
iine, may be expre.ss<?d thus — 

Cl I CM 


i ^1 

'|CII 

1 

! 1 

‘CIl 


HC 


the N being substituted for CH of the ordinary naphthaleno 
ring. Flavaiiiline is a dy(istutf of this cla.ss, being para-amido- 
phenylmethvlquinolino , 


Cl Is 

. /"n 


X/ ''N-' 



4 

and is prepared by heating acetanilide* with a dehydrating 
agent— zinc chloride at a temperature of 2.")0° to JGO* 0. =* 

* Prepared by healitu; glacial Acolic acid with aniline till tho inaart 
«olidilies on cooling. This product is then distilled. 
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48*’" to 540“ F. The product is extracted with liydrochlonc 
acid, and the dyestuff is salted out. 'riie r«m-tion ultiiuaieiy 
consists in the elimination of two inole<Miles of wjiKt iiom w 
,nolecules of acetanilide, Cll,CO-N IftV.H, ; 

(the isomeridc of aeetandide), is pioUiDiN 

an intermediate product. , * Tf ...-v^t-dlises 

Flavaniline is not now much used as a dyestulf. It c.i > st.i • . 
in colourless needles; the hydrochlorid. crysiallise.s in yellowisli- 
red prisms, and dyes wool and silk yellow. r \,,, 

The cyanines are basic bodies of the (piinoline class, form ‘ 
the condensation of two molecules of .luinoline, one ' 

contains a methyl "roup or one homologous to it (''-f/M ‘ *.11 

amyl). They are prepared by Imalin." iiuinoline with metliyl 
<,uinoUne (le^pidine),* or a homolo"ue, and melliyl iod.de or an 
lllologous iodide, and an alkali. 1 1 1 and .1 1 are renioved and 

blu^ dyestuff’s formed. -if 

Iso-amyl cyanine, CVH^.N.T, in tl.o l.est ku..wn '-yanine. t 

forms beetle-Krcmi crystals, .iis-joivino ,,, ale-) m to u Uul 

solution ; being fugitive it is but little .iscl as a (1>«. 

Quinoline red is a derivative ot ISO- (ju mol me, 


and is prepared by beating iso iiniii<)linc "itli quinoldinc, 


therefore be used. The constiiuiion of (lumolint led is piobabiy 
cxiiressed by the formula 

• Cl-C:^- CVldCHsli^ ' 

t-’cll* * 

It is tlms of similar structure t- me tripl.enylmeUianc dyestuira. 
I t Av s a fluorescent red mlour ion silk,, but is bigitive to light. 
.Cl!pidines are .p ..lolinea .il' fhe methyl group in the he,«ono 

nucleus. 
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It finds application in the preparation ot isochroinatic" photo 
graphic plates. 

Quinoline yellow or quinophthalone has the constituUon 


QII4 


^ C= CllCuHoN 

c = 0 


and is produced by lieatiiig phthulic anhydride witli quinaldino 
in presence of zinc cliloride. Quinoline yellow crystallises in 
y(dIow needles. It is not basic. It dyes wool and silk yellow, 
and its sulphonic aci»l gives shades like those produced by picric 
acid it is fairly fast to ligiit. 

Acridine Dyestutts.* — Chrysaiiiiine may be taken as a type of 
these. It is para-amidophenylainidoaeridinc, having the formula. 


i 

v 

I 



NH, 


As has been already mentioned, it is a bye-product in the manu- 
facture of mageuta {q^v.). The commercial product is usually a 
mixture of the substance shown above and its methyl derivative. 
The mother liquors from the magenta-melt are precipitated by 
the addition of salt and lime, the latter throwing down various 
bases, among which is chrysaniline. The following lab/)ratory 
synthesis indicates how chrysaniline may be formed in tho 
rbsaniline 'melt from triamidotriphenylmethane, produced by 
the condensation of one molecule of orthotoluidine with two 
molecules of aniline, Orthonitrobenzoic aldehyde (correspond- 
ing in respect of its substitutions with orthotoluidine) is heated 
with aniline and zinc chloride, thus — , 

* Acridine bears a relation to anthracene similar to that borne by quino* 
line to naphthalene, as is evident from its struotural formula, 

( 
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( 1 ) 




NOa 


COH 


I nil 


^NO., ( .'Nil. 


CH 


+ lijO 


NH., 


The reduction of this compound vorthonitr<»[i;ir.u]i:iin!<l«)tn]dn-n\ i 
methane) converts the nitro-f'roupintoan amido-u'roup. W’lien thi^ 
resulting trisimido-coinpound is oxidisrd it yiei<ls chrysiinilirie — 


(Si) 


:NH, 


NX 

CH 


Nil, 


' H4 


^ ML 


. ^ / 


\ ,N 

NH, 


\ 

\x' 

Nil, 


The precipitate is treated. with nitric acid, and the chryKaniline' 
nitrate being sparingly soluble is tlius separated, its se))aration 
b(3ing aided by the addition of a lurther quantity of Tiitric acid. 
The commercial dyestuff (the nitrate, known as phosphine) is a 
yellow powder which dyes silk and wool directly, and cotton 
with a •tannin mordant. It is not very extensively used at 
present. * ^ 

Acridine orange is tetramethyldiamidoacridine, 


X ^ '■ 

I ,.CcH,-N(CII,), 

\CH 

» 

and isobtained by heating tetrarnethyltetramidodiphenylmethane 
with an acid, and oxidising the leuco-compound thus produced. 

Acridine yellow is obkaiued in .’similar way from tetramido- 
ditolyimejihane and has the formula ^ 

/ N 

H^N C,H,-N 


22 
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Benzoflavine is Hymmetrical diamidodimethylphenylacridine, 
aiid is prepared by condensing benzaldehyde with ihetatoluylene- 
diamine and heating the resulting tetramidoditolylphenyl- 
methane with hydrochloric acid under pressure. The product is 
oxidised by means of ferric chloride to benzoflavine. Benzo- 
flavine is a yellow powder slightly soluble in cold water, dyeing 
wool a!»d silk directly, and cotton with a tannin mordant. 

Flaveosine is obtained by heating acetyldiethylraetaphenylene- 
dianiiiie with phthalic anhydride and treating the resulting 
piitiialein with sulphuric acid, when it loses ammonia and acetic 
acid. It is a fluorescent yellow dye of the probable constitution 


ICH3),N-, 


1-N{CH,)3 




-COOH 


(/) Sulphurised Dyestufis. — Almost any complex organic 
material will yield a brown or black dyestulf (cachou de Laval) 
when heated at about 200“ C. = 392“ F. with an alkali sulphide 
or an alkali and sulphur. During the last few years the 
production ot such sulphurised dyestuff’s by heating compounds 
of known constitution with alkali polysulphides has been much 
extended although the chemical nature of the products remains 
to be determined. The dyestuffs, which are generally of acid 
nature, are characterised by the fact that they dye cotton 
without a mordant in an alkali sulphide bath, the dyes obtained 
being very fast, but open to the objection that they contain 
sulpliur in a condition in which it can o-xidise to sulphuric acid, 
so that thijj are apt to rot the fibre somewhat quickly. 

The raw materials commonly used are aromatic derivatives, 
particularly such as contain an amido-group (or a nitro-group 
readily reducible by sodium sulphide to an amido-group) in the 
para-position. Thus, “Vidal black” is obtained by heating 
para-amidophenol li'ith sodium sulphide and sulphur at about 
IGO^ 0. = 320’ F. “Iliunedial black” is similarly prepared from 
dinitro-oxydiphenylamine. Although most of these dyestuff’s 
are black, blues have also been made. The product put upon 
the market is usually the crude solidified mass broken up, 
which contains sufficient alkhili sulphide to dissolve the dyestuff 
in the dye-bath. The solution appears to contain the dyestuff 
as a leuco-compound, for by. passing air through the solution 
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the dyestuff is precipitated. It follows that immersion of the 
fabric in the dye-bath must be followed by exposure to air. 
The shades produced may be modifie«l by subsequent treatment 
of the fibre with iron or chroiuiuiu salts. 

The mai^facture has lately become somewhat less empirical, 
as it has been found that in many cases boiling with alkali 
polysulpliide solution is preferable to the original fusion process, 
and that by precipitating the dyestufi' either with air or acid 
and sending it to market mixed with sodium sulphide a better 
result is obtainetl in dyeing. 

(2) Natural Organic Dyestuffs.— Indigo.— This is the pro- 
duct of various .species of Induiofera, the most important being 
/. tincloria^ chiefly cultivated in the East Indies. Several (►then 
species are grown elsewhere, the chief of whicii is 1. arr/cn^m, 
the culture of winch is practised in Africa (notiihly in Kgy])t). 
Anther class of plant, woad, Jsatis tmctoria, yields indigo in 
small quantity, and is no longer used as a source of the dyestuff. 
It is grown in Europe, however, to prepare the “ woad-vat” for 
indigo dyeing (v.i.). Indigo does not exist as such in these ))lantK, 
hut in the form of a “ glucoside," indican, CggHg^NOj^, a sub- 
stance which readily undergoes hydrolysis with tln^ tbrmatioii ot 
indigotin, the colouring matter of indigo, and indiglucin, which 
lias been termed a glucose, although its tbrmula does not corre- 
spond with that of the glucoses — 

2C.,,H3,no,7 + 4 H 2 O = c,cH,oN.a + eaiboOfi 

Indican. Indigotin. Indiglucin. 

The prejiaration of crude indigo from th<* plant coiisistg 
in macerating the plant with water, whereby Itninentation is 
set uj) and hydrolysis of the imiicaii occurs. The indigotin 
])rodncGd by the hydrolysis, iiowever, is reduced during the 
fermentation proee.ss by the indiglucin to hydrindigotin (indigc* 
white), Cj, 5 Hj 2 N 20 .„ which dissolves in the aqueous licjuor, alka- 
line from the products of fermentation. The liijuor is run off 
tlie mac?:rated plants int|) a .second vat, and by exposure to air, 
aided by agitation, the liydrindigotin is reoxidised, aw^ indigotin 
precijiitated — being insoluble in the alkaline liquid. The yield 
is about 0 2 per cent, of the weight of the plant. The addition 
of ammonia to the vat is frcijumitly practised, with the result 
that the yiek^is largely increased, as the formation of ammonia 
by the fermentative breaking down of the indigo is thus hindered. 
When the indigo-blue has settled, the bu4k of the liquor is run 
off, and the bl|e transferred to a cauldron where it is boiled with 
w'ater to stop fermentation and w extract soluble impurities. 
It is thecf filtered, and th.^ residue prefc«ed into cakes and cut 
into cubes. The indi^^ : obtained \ thi.s manner varies greatly 
in quality. Its content of indigotin rang^l^^ from 20 to 90 pijr 
cent, the average beifig 40 to 50 per cent. The remainder 
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ronsiats of ash, 5 to por cent. ; water, 2 to 8 per cent. ; in- 
dirubin, 2 to 4 per e(‘ut., and various amounts of indigo-brown, 
indigo-gluten, and carbohydrates. 'Die valu(‘ of the blue depends 
on its content of indigotin and indirubin. Indigotin is a dark blue 
crystalline substance with a bronze lustre; its speckle giavity 
is I -30; it sublime.s and partially decomposes at 290“ 0. = 
554° K. It is remarkable for its insolubility, being unaffected 
by dilute acids and alkalies, and almost completely insoluble in 
ordinary organic solvents. Chloroform, glacial acetic acid, and 
aniline dissolve it sparingly. It dissolves in strong- sulphuric 
acid, and is reprecipitated on <lilution; if the solution be heated 
sulplionic acids are formed Tt is soluble in an alkaline 

liquid in the ]»resence of reducing agents, siicli as glucose, 
ferrous hydro.xide, stannous oxide, with formation of indigo- 
white (v.i.). By oxidising agents it is converted into isatin, 

'CO 






>C(()II) 


Special attempts have beiui ina<l(5 to syntlicsi.-^o indigo and to 
mak<^ it fis much an artificial colouring matter us i.s ulizarin (7.1’.), 
and thus to displace the indigo plant, nisi as madder lias been 
driven out of cultivation. During the last few yt'ars, consider- 
able quantities of synthetic indigo liave hetm produced annually, 
and the cultlvaiion (»f the imligo plant will prohably liave to ho 
abandoned sooner or later. At present tlie two most important 
iiK.'thods for the production of synthetic indigo are thost* dno 
to Heumann and Baeyer respectively. In lleuinann’s ]>roc(‘ss, 
which is the om* most used at present, n:i))hthalen(' serves as 
the starling point, being oxidised liy sulpliuric acid in pres- 
ence of mercury to phtlialic anhydride (p. 312), which yields 

phlhaliinide, 0^,11 j-/ Nil, with ammonia. On treatment 

N’O 

with an alkali hypochlorite this ivS converted into ortlir ainido- 
henzoic av^d (anthranilic aei(i), whicli jTdves phcnylamido.icetic- 
ortho-carbuxylic acid on heating witli monochloracetic acid, 
thus 

. NllCH,-C00H 

C-li/ + C11..CI C00H -r: I HCL 

\C00H . * \C0()1I 

On fusing this substance with caustic alkali,'*^ indoxylic acid, 
/Oil 

n H ^ — COOH, is obtained, which inlrnediately 

NIT 

• Only these last stagbs of the process we duo to Heumann. 



autificial indigo. 


841 


COH, 


riT. Ox ill 11 


loses CO 2 with formation of indoxyl, Cgll 4 < 
tion in alkaline solution converts indoxyl into indigotin, 


CeH,< 


Nil" 


,-c - (■ ' 


CO 

Ml 




In Baeyer’s method ortho-nit...!., ...ylaniline is 
by the condensation of aniline with 

ide This is then oxidised to orLiio-niUobenzylidi.m anil n , 
€ H )CH = N - C^H^, which gives ortho nitT«> hen zalde- 

h'^de C H (N().)OHO, and aniline on treatment with alkalies, 
lie ;r»n,be....d.l,.d.yde is then he.tted will, acetone ..nd 
an alkali, the following reaction taking place 


^ OHO 
C«H,< + (Cl^XO : 

NOo 


O 0 H 4 " 


(11(011) - CHa - CO - CH,. 


NO.. 


NO 2 

phJnyrirct a"Vo.ar(NO,)CH(01I)CH,COH being formed, 
Hydrolysis chang,. this i..t« the corres|,....d.nB a.n.de, thu^^ 

(\SNH2 

The aipide vielils tl.e thioamide, Cell. - NH - 

zn=.rf;;=r;sr— 


CeH, - XH - C< 


into a*isatinanilide, CgH^ 


which yields 


Nil - C = 

indigotin anJi aniline on reductio., with '‘"'■l'."''*"*" ® 

,£v;,.=,;rx:E;L'Sss^^ 

inay be showli by the Ibrmula 

• CH 

‘ * NH/ 

It is a red crystalline sShstance, cnsMfntly present in commc cial 
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indigo, and accoinpanying it throughout the dyeing process {q.v.). 

The chromophoric group in these compounds is 

As there is no salt-forming group in indigotin, this*' substance, 
as has been pointed out at the beginning of the section, owes its 
fastness as a dye to its insolubility and not to chemical attach- 
UHUit to the fibre. This is evident from the fact tliat it rubs olf 
to a slight extent, although otherwise an extremely permanent 
colour. All the colouring matters in commercial indigo are 
capable of conviirsion, by reduction, into colourless derivatives, 
soluble in alkalies. Such derivatives of colouring matters are 
known by the generic prolix “ leuco” (white). They generally 
contain more hydrogen than is pre.sent in the colouring matter. 
Thus, indigo-white (leucindigo, reduced indigo, hydrindig/ tiu) 
has the formula 



^ U(OH) 
\ NH . 


C6H4 


The application of indigo as a dye depends upon this formation 
of indigo- white. The principle underlying all processes of indigo 
“vat” dyeing (as distinct from dyeing with iudigo-sulphonic 
acids — r./.), is tlie reduction of indigo to indigo white and the 
dissolution of the resulting indigo-wliite, in an alkali ; the fibre 
to be dyed is saturated with this solution, and exposed to the 
air, whereby the indigo-white is rapidly oxidised and indigo-bhio 
formed in the interstices of the libre. In practices many kinds 
of vat can be used. It will sullice to ilescribe three as types, 
viz. : — The copperas (ferrous sulphate) vat (used for cotton), in 
which ferrous hydroxide is the reducing agent ; the woad vat 
(used for wool) in which the reducing action of a ferment is 
employed ; and the hydrosulphite vat used for both wool and 
cotton. An average copperas vat will contain 30 lbs. Qf finely- 
ground irjdigo, 80 lbs. of ferrous sulphate, GO to 100 lbs. of slaked 
lime, and *1,000 gallons of water. The slaked lime reacts with 
the ferrous sulphate, producing ferrous hydroxide and calcium 
sulphate. The former, in ]>nvsence of excess of lime, reduces the 
indigo to indigo-white, which dissolves in the alkaline bath. 
Several vats are worked in serii's systematicaUy, the cloth 
passing from the weaker to the stronger vats. The excess of 
liquor is squeezed out when the cloth leaves the last vat, 
and the indigo-white is oxidised to indigo by ex^iosure to air, 
during passage of the cloth over rollers. This vat is not suitable 
for dyeing wool, on account of the large quantity of lime which 
it contniiLS, wool being more' susceptible of injury by the attack 
of alkali than is cotlon. « The woad vatj,can be worked with a 
small (juantity of lime, and is iheretbre to be preferred for wool 
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dyeiiii;. The woad is used in the form of balls of dried leaves 
of the woad plant (Isatvi tinctoria) which, although containing 
but little indigo, is said to be valuable in imparting a good shade 
to the dyed material. Its main use, however, is to excite for 
meutatiofi in the indigo vat. For the same purpose bran and 
madder are used. The vat is generally composed of indigo 10 U> 
25 lbs., woad U to 5 cwts., bran 20 lbs., madder 5 to 20 lbs., 
slaked lime 24 11)8., water 1,500 gallons. The woad is first adde<l 
to the water, which is heated to 60“ C. = 140* F. ; after some 
hours the finely -divided indigo, madder and bran ar(i added, 
together with half the lime. Fermentation sets in, and when a 
piece of wool dipped into the vat is found to become blue on 
expo.suro to air, the rest of the lime is gradually added, 
the temperature being maintained at 60‘’ 0. 140“ F. 'fhe 

oi^anism chiefly concerned in the fermentation is a patliogenic 
bacillus, resembling that characteristic of pneumonia. R(‘cently, 
an im])roved vat, said to avoid loss of indigo, has been pnipared 
by adding a cultivation of the organism Desmobactcrium hydro' 
geniferum, and substituting flour and glucose (as !»utrieut 
materials) for tlie bran, <kc., and soda and magnesia for tlm 
lime. The general metliod of dyeing is similar (o that di^seribed 
above. 

Tht, hydrosulphite vat, applicable both to wool anti cotton, is 
preparetl as follows Zinc sheet is allowtal to act on a strong 
solution of sodium bisulphite, producing zinc hydrosulpliitt' 
(ZnSoO^). The operation is conducted in a closed vessel, as 
the hydrosulphites :ire readily oxitlised by air. The solution is 
mixed with milk of lime and indigo (20 lbs. of indigo, 25 lbs. 
of slaked lime, and 20 gallons of water), and heated to about 
70* C, = 158“ F., whereby indigo is reduced and dissolved. 
'J'he strong solution of reduced indigo is added, as rotjuirod, 
to a vat containing’ 60 to 70 lbs. of sodium sulphite, G lbs. dt 
zinc dust, and 6 lbs. of lime (to complete the reduction of the, 
indigo). The ])roces8 of dyeing is essentially the same as has 
been already describfyi The hydrosulphite has a sonmwhat 
drastic action on wool, so that the use of this ^' 1.0 with that 
material requires care. 

The indigo-sulphonic acids are used in dyeing wool and silk 
under the name of “indigo-extract” and “Haxony blue,” but 
cotton cannot be dyed by these sul)S lances. These dyestuffs are 
not ingrain colours, as is indigo, but dye* by direct absorption 
into the fibre ; cotton fibre, being incapable of exercising this 
attraction, Ijannot be dyed wbb them. The shades produced 
are not fast to washing. The indigo-extract is generally niade 
in the dye-house l»y stirring tiaely-pol^dered indigo with about 
6 times its weight oi ooncentnJ.c.* sulphuric acid and heating to 
about GO* 0. = 140’ F. The solution it> .diluted with water and 
the dyestuff is salteA out by addition of sodium chloride, 
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an acid sodium salt of indigo-sulphonic acid being formed. 
By repeating the treatment, the neutral sodium salt is 
obtained. According to the proportion of sulphuric acid 
used, its strength and the tem])eiat\ire of treatment, indigo- 
inonosulphonic acid, Cj(jnjjNy()^(SOjjOF[), or indigo-dijulphonic 
acid, C^yHjjN./).^(S020ll)2, or a mixture of the two is formed. 
WIkui the disulphonic acid is specially reejuired, fuming sul- 
phuric acid is used for dissolving the indigo. The monosulphonic 
acid has a r(‘ddish shade and is known as purple indigo -extract, 
while tlui disulphonic acid is blue ; its sodium salt is called 
indigo-carmine. Tlie monosulidionic acid is soluble in pure 
water, but insoluble in dilute sulphuric acid. The di.sulphonic 
acid is a blue powder soluble in water and dilute acid. Both 
acids are precipitated by the addition of salt or sodium sul{)hate. 

W'iUi regard to printing with indigo, it was fonm'rly oidy 
})oasibl(‘ to produce a pattern by printing a discharge (v.i) uj*fon 
the dyed fabric. According to modern ])ra(;tic(;, a syslein is 
adopted equivalent to the formation of a true indigo vat in the 
fibn; itself. TJiis is done by saturat ing the fabric with a solution 
of glucose, and printing finely-divided indigo, mixed with strong 
caustic soda. By steaming, tin; action between the indig(> ami 
the glucose in the printed })aitern is accelerat(‘d, and thri reduced 
indigo, which nssults, p(m(!trates the fibre wlnu'evor printed. 
On exp(tsure to air, tiie indigo white is oxidised and the pattiTii 
Ix^comes (Iy(‘d 1)1 ue. 

Logwood is the heart-wood of /lainafoji/loji campf'c/naniimy a 
tree growing in C<‘ntral America. Wlum freshly cut the wood 
is nearly colourle.ss, but it soon reddens <‘xternally on exposure 
to air. I'he colouring matter is an oxidation product of the 
body hflematoxylin, C^gll,^Og. 

This oxidation product is hajmatein, which has a 

bronze green colour in the mass, but yields a red solution. Tl»o 
constitution of hiematoxylin and htematein is probably expressed 
by tlie formulaj — 


HO] 


BO CM.. 

,/ - \ 

! B 


'M 


CHOU 

Hscmatozylln. 




|OM 

OH 


Ilf) 


H(r 


0 CII3 




CO 
HsBCQBtein^ 




OH 

OH 


In order to convert the whole of the haunatoxylin of the wood 
into liajmattdn, the chipped or yasped wood is exposed in heaps, 
until fermentation seii^iu (known as the ageing of the wood, 
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and supjiosed by some to consist in the decomposition ot' a 
glucoside, yielding lueiuatoxylin). A small quantity ofainmoida 
is formed during fermentation, and aids tiie oxidation, lisema- 
toxylin being readily changed into hannatein in tlie presi iiet' ol' 
an alkali, • The wood is either used in chips to make up tiie 
dye-bath, or its aqueous extract is employed. This is prejiared 
by .systematic extraction with hot water and concentr.ttion of 
the solution thus obtained, in a vacuum pan. Although itself 
a red colouring matter, logwood is used for prodiuang other 
colours, notably blues and blacks. Tt is not a dye, hut a ilye- 
stufT, and as textile fibres have no allinitv for it, it must always 
be used with a mordant, the nature of which modifies the 
colour produced. Thus, chromium mordants give blue passing 
to black ; iron, grey passing to black; aluminium, dull-violet ; 
cooper, grcenisii-blue ; tin, reddi.sh-violet. A mixture of mor- 
dants may be used and mix<‘d shades prwluced. The colours 
ar(f fairly fast, though the blue is not so fast as that produced 
by indigo. Logwood is used for dyeing cotton, wool, and silk, 
especially for producing black dyes. An iso-llffimalein has been 
prepared from ordinary Ineinateiu and is said to bi* faster than 
its isoineride, but it is not yi^t of technical importance. 

Brazil Wood. — This wood, together with a number of other 
woods — e.y., peach wood, sapan 'W'ood. and Lima wood, all i»e- 
longing to the leguminou.- genus, -contains brazilin, 

a colourle.ss substance dillering from hannatoxylin 
only ill having one OH group less. Thi.s substanee i.s prestmt 
in the wood as a glucoside, and for the purjiose of hydrolysing 
this, the wood is submitted to a process of ferinentatioii ana- 
logous to that ado[>t(5d for logwood. At tin* same time the 
braziliii suffers oxidation to brazUein, fhe change 

being hastened by the presence of an alkali, as in case of 
logwood. Brazilein hears the same relation to luen atein that 
hrazilin does to haematoxylin. The shades produced f y bra/.iliiin 
are fugitive to light, and aie not fast to soap. The colours 
obtained by means of Jirazil wood dej)enda on the mordant — 
chromium mordants yield a violet or claret jr^aiuminium, 
rose-red ; iron, dull violet or purple ; copper, drab or brown ; 
tin, crimson. 

The above woods have an open texture, and are termed “ soft 
or open woo^s.” They readily yield their colouring matters on 
extraction. Another group of woods of t4ie same class — ej/., 
santal wood, cam wood, and bar wood*— are known as “close 
woods,” and| are less^easy to extract. They yield colouring 
matters similar to brazilein, and are similar in other resjxtcis 
to the wdods already described. • 

Old fustic or Bra^ijiian yelliw.wood is the wood of Mortis 
Unctoria, obtained from Brazil and thii West Indies. Its 
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colouring matter is morin, the constitution of which 

is probably — 

OH 



Fustic is applied like the woods already mentioned, either 
as chips or extract, and gives bright yellow shades with 
tin and aluminium mordants. It is also used as an adjunct 
to logwood, improving the blacks obtained by means of this 
dyestuff. 

Young fustic or fustet wood is the wood of Rhus coliniiSf and 
contains the glucoside fustin, which yields the colouring matter 
fisetin, Cj5HqO..(OH) 4, and a sugar on hydrolysis. The wood 
is used as chips, or an extract (termed COlinin) is obtained from 
it. It is a yellow dyestuff, but is mainly employed together 
with other dyestuffs — e.g., cochineal — for wool dyeing. 

Quercitron bark is the inner layer of bark from Quercus tine- 
toria. Tlie main part of the colouring matter is contained in the 
yellow powder which is obtained, mixed with woody fibre, wlien 
t he bark is ground. The glucoside quercitrin, 
source of the yellow colouring matttjr quercltin, an 

isomer of morin which it yields on hydrolysis, together with a 
a ]}entoae, rhamnose, 05Hg(CH3)O5*H^O. Both quercitrin and 
(|uercitin are dyestuffs yielding ytdlow shades with aluminium 
mordants, and orange shades with tin mordants. The product 
obtained by acting on the bark with dilute sulphuric acid, 
commercially known as ‘‘flavin,” contains both quercitrin and 
quercitin. It is sold as a concentrated form of quercitron. It 
is used with cochineal in scarlet dyeing. , 

Weld, the leaves of Reseda luteola, contains luteolin, 

+ ‘JH20,'S»hich gives last yellow colours with aluminium 
mordants and is used for silk dyeing. 

Turmeric is the colouring matter i^tained from tlie rhizomes of 
Curcuma tinctoria. The colouring principle curcumiu, 
is capable of dyeing cotton without a mordant ; ij; is used for 
modifying red shadeis thereon. It is not fast to light. Besides 
its use as a dyestuff it is employed as an indicator. 

Persian berries are the lruit» of Rhamnus amijgddinus. They 
contain the glucoside xanthorhamnin. Hydrolysis converts this 
into rhamnotin and isodUlcitol (rhamnose), thus — 

SHjO == 2Ci2H|o05 + 4CgHi404> 

♦ * Rhamnotin., 
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When dyed with tin, or tin and alundniuiu inordauta, it ^ives 
a tine yellow colour. It is u.sed chielly as an extract. 

Safflower is the flower of Carthanius thictorinSf and contains 
the colouring matter carthamin, the formula for which is douht- 
fill. It is found in commerce as an extract, which is dissolved 
in soda to form the dye hath, and then acidified with citric 
acid. It |)roduces a pink colour on silk. It is mixed with 
starch to mak<^ toih‘t rouge. 

Catechu or cutch is obtained as an extract from various 
species of acacia. ((lanibuT is a similar material.) It contiiins 
catechin (CoiHo^^O,„otI.>0) which is itself colourless, hot gives 
a fast brown on (;otton when oxidised, after passage through 
tlu' dy(“-hatli, by potassium hichromat<*. 

Lichen Colouring Matters. — The following ar<' the kinds of 
lichens which arc commercially important from the colouring 
nititters which tln'y yield — RocctUa tinrtoria, U. fuciformia ami 
Lacanora tar(ar«^a. 'fln'se are commercially known as orchellaor 
orchil weed. The licln-ns contain orciliol or orcin, a dihydroxy- 
toluene. This body occurs to a slight extemt in the frc'C state, 
hut for the most part results from th<‘ decomposition of orcellic 
acid polymeric with orccllinic acid ; the latter is dihydroxy- 
toluic acid of the formula (',jH.,Oll.j(OII).,CX)01 1. Erythrin, 
C2qH.;oOj(), is another (^oinpouml whicli yi(“lJs oreinol on d(*com- 
position. Archil is prepared preferably from Roccdla iiiiciorin 
by inoistcniiig th(^ slinabh’d weials with ammonia, ami keeping 
the mass at a teniperalun^ of about '10'" U. 104“ K. for .some 
(lays. During this process various (b'comjmsitions oemjr, one 
of tlie ju'oducts of which is oreinol ; this becomes orcein l»y oxi- 
dation in pr(*sence of the ammonia. The orcein contains nitro- 
gen, and has tin; formula Doyl 124^^007 allotted to it by some 
authorities. The commercial product is sold eiiln r as a liquor 
or paste. 

Cudbear (pemeo) is similarly prejianai, Lccanora tnrtarca Ixiing 
piad'errcd as the raw materi.il. It is a dark brown or purple 
powdfl-r. 

For preparing litlims the lichens ar« allowed^t vferment in 
the presence of ammonia until a purple colour is produced. 
Stale urine and potassium carbonate are then added, and 
fermentation is continued until the required blue tint is 
obtained. The concentrated extract is mixed with chalk, 
^psiim or sand, and alum, and cut in^o cubes. Litmus is 
used as a dyestutF, but for colpuring wine .and as an 
indicator i^ tlie laboratory. 

The above three \ly(?stuHs are used largely in conjunction 
with orfier colouring matters, notably indigo. Archil •and cud- 
bear are dyed on w vd and sil! f im acid baths, yielding bluish- 
red shades. 
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Berberine, CooHj^NO^, is a basic yellow dye found in many 
plants, especially in Jkrheria vulyaris and Cocculus palinatua. It 
(lyes wool and silk directly, and cotton with the use of tannin 
as mordant, but is chiefly employed for dyeing leatlier. Jt is 
an isoquinoline-dtn'ivative, its constitution being expr essed by 
the Ibnnula — 
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Cochineal. — This is one ot the t\‘w dy<.‘S of am null uri;^in. The 
eommercial material consists of the Ixxlies of feiiialcs of tlie. iiist'ct 
('o<ru8 vaciiy collected from <*erlain kinds of cactus in M(‘\ico 
and the Canary Islands. 'Jdiret! grades art* known, “silvcn- 
ei-ain” (the best), “black grain ’ and the inferifU' “granilla.” 
T1 m‘S(! jire said by soim* to Ix^ insects in diflerent stages of 
iiiatairity, but by others it is stated that thoM' diirer(*nce largely 
dc]i(!nda on the. mode of (collection and drying — tin^ black having 
been killed by boiling water, and the siive.r stove-dried. The 
white film on the ailvt'i* grain cochineal is due to the wax COCCCrin, 
(eocceryl coccerate), naturally j)iesenl, ami 
amounting to about 1 i(» 2 per cent. <d‘ the w(dghl of the cochineal. 
This silvery coating is oft(*n imitated by facing tlu; cochineal with 
talc and other miner;d m:itt(‘r. t.Vxduneal contains about 10 per 
ci'iit. of th(^ red (jolouring matter “ caniiillic acid,” whiclk is a 
glucosid(i and splits up on hydrolysi.s, yielding the tru(; colouring 
matter carmin, and a sugar, thu.s- - 

CirlfisO.o t- .'IHaO = CnUniO; ^ Qll.^Oc- 
Cwi^inic acid. Carmin. 

The dyeing ])roc(?sa consists in immersing tlie goods (generally 
wool) in a decoction of cochineal containing the ttj)propriate mor- 
<lant, tin for scarlet, chromium for purpl(*, aiuminium for crimson, 
lllucr shades are obtained by the use of aiumuniac:tl cochineal, 
prepap'd by moisteViing ground cochineal with ammonill, 
h'aving the mass for some days, adding precipitatiid alumina 
and heating until the ainmdnia is cxpr’lled. Tfie product 
of the action of the ammuiiia ap})ears to hav<^ the ^formula 
Tin* atumina-lime lake of carminic acid is 
. used as a ))igmeiit under the* name “ caimine ” ; it must not 
he confounded with canniis, the product ,of the hydrolysis of 
carminic acid. 
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Kermes is the insect Coccus i/icis, collected from ihe Qn^'rrun 
ileXf the liabitKt of which is Spain and North AtViea. I is 
colouring matter is closely allied to that of cochineal, and it 
served one time similar purjmses as a dyostutl'. 

Lac-dye. — This is a colouring matter which is dissolved 
from stick lac (see Shdlac) on treatment with water. 'I'ho 
colouring matter is precipitated from the solution by addition 
of an aluminium salt, and the lake is pressed into cakes. 
When used as n dyostulf it produces a colour simil.ar to, hut 
faster than, cochineal ; it is, however, less brilliant The 
colouring ]»rinciple is laceainic acid, ,(),<. At presimt, 

the lac-dye is scarcely us.-d, its place having Immui taken 
by aniline colours (azo-reds), sold under the same name. 

(3) Mineral Dyes. —But few mineral colouring matters are 
c«a)jfeable of being advantag(‘onsly used either as dyestulls or dyes. 
Those which are in use ar(‘ ingrain dyes, comparable with indigo 
(q.v.) precipitated in the fibre. 

Chrome yellow (lead chromate, PhOrO^) is applied to cotton, for 
which alone it is useil, by passing the fabric lirst tlu'ough a solu- 
tion of lead nitraUi or acetate, precipitating tin; lead as hydroxid(i 
in the fibre by imsins of an alkaline hath, or as sulphate hy 
means of a bath of sodium sulphate, and converting this into 
lead chroinat(! by passing through a bath of sodium hichroinale. 

Chrome orange (basic. i(‘a(l chromate) is prepanal in the fibre 
by first impregnating it with chrome yellow as <le.s(;rib('d abovu;, 
and then immersing it in a hath of boiling linn? wat<tr. 

Manganese Brown, “Bistre.” — Pal»rlcs may b(* dyefl witli 
manganese p(*roxid(^ hy .saturation with manganous chloride 
and precipitation of manganous hydroxide in the fibre by 
passag«' througli an alkaline hath. Passages through a solution 
of chloride of lime converts the manganous hydroxide into the 
brown hydrated })eroxide. 

Anotlier reddish-brown is ol)tain<*d from manganese and iron 
salts, #wliich is more resistant to aci<ls tiian true iron brown 
(iron bufl'-~//.u). • ^ 

Iron BufT— Nankin Yellow.- 'Diis is produced iff two shades, 
by pa-ssing the fabric (cotton) througli a .solution of" ferrous 
sulphate and then through oiro of caustic srxla. The ferrous 
hydroxide is either oxidised by exy>osure U> air or by treatment 
with chlori(>e of lime. Ferric sabs may also be directly usmi. 

Khaki. — To produce thi.s colour, the fabric is passed first 
through a solution containing chromium sulphate and ferric 
alum, and f^ien through an aikao'ne bath. 

Prussian blue was formerly of some importance, but h^as been 
largely displaced by -^^nthetic organic ayestuffs. There are two 
methods for producing Prussian Blue in the fibre. The one con- 
sists in producing ferr^ hydroxide in fibre (v,«.) and converting 



350 COLOURING MAITERS, DYEING, AND PRINTING. 

tills into Prussian blue by immersion in an acid solution of 
potassium fcrrocyaiiide. The other consists in saturating the 
labric with an acid solution of a fcrro- or ferricyanide, and 
raising the temperature to boiling jioint, whereby tj^e hydro- 
ferrocyanic or hydroterricyanic acid first liberated, is decomposed 
with the formation of a blue pigment. 

JB. DYEING AND MORDANTS.— The methods of bring- 
ing the material to be dyed into contact with the dyestulf natu- 
rally vary according to the nature of the material, and the use 
to which it is to bo put. Thus, if the fabric is to be of one 
uniform colour it suliices to dye it “in the piece’' — i.e.y after it 
has be(!n woven. Where a coloured pattern has to be produced 
(other than by printing methods) threads of dillV'rent colour 
have to be employed in the weaving, and the material is dyed 
as yarn. In some instances stuff that is ready to be spun in to 
yarn is dyed previously to its being further worked up. The 
(hitails of the apparatus for bringing the material into contact 
with a dyestuff are purely ni«atters of mechanical engineering and 
cannot be considered in detail here. It suliices to say that their 
main object is to bring the dyeing liquor into rapid and pc'rfect 
contact with the stulf to be dyed. The processes most used fall 
into two main gi’oyps. In the first the stuff' is stationary and 
the dye liquor is caused to filter through it; in the second the 
liquor is stationary and the stuff' is made to travel through it, 
often as an endless band. The various mechanical terms, such 
as “hank-dyeing,” “cop-dyeing,” <fcc., have reference to the form 
in which the material is made up before being put through the 
dye-bath, such preliminary fabrication being in many easels an 
early stage in the process of manufacture. 

With regard to the constitution of the dye - bath, this 
diopends primarily upon that of the fibre to be dyed. Thus, in 
general terms, the marked chemical activity of silk and wool 
permits their being dyed directly (although mordants are 
otten used as auxiliaries), whereas the comparative inertness of 
cotton aii'i^ similar cellulosic materials i/ccessitates the use of a 
mordant, in Sil but a few eases of dyestuffs which are chielly of 
quite recent invention. In the foregoing description of dyestuff's, 
the structure and mode of formation have served as a means of 
classification. In the ensuing consideration of the application 
of these dyestuffs, a broad division into (1) acid dyestuffs, (2) 
basic, (3) indifferent* will be found more convenient, for it is 
upon the properties th^^s connoted that the selection of an 
appropriate mordant for a givbn dyestuff fde])ends. * In general, 
an aoid dyes^tuff will require a basic mordant, and thus^a classi- 
fication complementary to that given above will be valid for 
mordants. Seeing that the application ot dyestuffs is also in- 
fluenced by the natm*e of#the fibre to bp dyed, the following 
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classification based on a consideration of both the dvestufT and 
the fibre will be found convenient : — 

1. Direct Dyes, applicable to all fibn*s. 

2. Basic Dyes, also applicable to all fibr('s. 

* 3. Acid Dyes, applicable to wool and silk. 

4. Mordant Dyes, applicable to all fibres. 

5. Special Dyes, requiring special processes. 

The subject of mordants may be dealt with before that of the 
processes of dyeing. 

Mordants. — Tliese are a group of bodies which are used in 
dyeing and printing textile falirics with tlie second and lourtli 
of the groups of dyes named above, for the purpose of fixing the 
colour more firmly on the fabric ; in some cases the mordant 
aids in the devedopment of the colour as well as in its fixation. 

(1) Basic Mordants. — 'I’he object of the.se mordauts is to 
impregnate the fabric with a basic oxide capable of uniting 
with the dyestuff used which has acid properties, to form a 
cliemical com})Ound commonly known as a “colour lake.’' The 
constitution of these “colour lakes” will Ik? dealt with later. 

The salts used to supply the basic oxide, which U to serve? as 
a mordant, are generally those of aluminium, iron, chromium 
and tin. Of tlie.se, the iron mordants have a “saddening” 
ellect — give somewhat dark shad(!8 (a property possessed 
also by copper salts). 

Aluminium Mordants. — The principal .salts u.sed are alum and 
aluminium sulphate. Since aluminium suljdiate is a moderately 
stable salt, it is necessary to convert it into a salt more (?aKily 
broken up by the influence of the affinity of the fibre. For this 
purpose, an organic acid, gen(‘rally tartaric acid in the form of 
hi tartrate of potash (cream of tartar), is used. It is generally 
suppo.sed, as a working hypotliesis, that aluminium tartrate is 
formed, which is broken up by the aertion of tin? fibre and the 
liberated alumina absorbed by the fibre, 'I’lds is mon? particularly 
applicable for wool, the^ibre of which has a slight but deliniti? 
acid character. In the case of silk, it is in'cessacy “to u.se an 
actual precipitant for the alumina in the form of calcareous 
water. A modification often employed for cotton consists 
in impregnating the material to be dyed with a solution of 
aluminium acetate, and “ageing” it, either by exposure in a 
warm atmosj^here whereby a portion of the«,cetic acid is driven 
off, or by steaming in a closed vesst;!. • 

The aluminium acetate may al.«vo be decompo.sed by passage 
of the fabric tlirough'a weak alkaline bath — e.g.^ of sodium 
phosphatt or arsenate. Aluminium thiocyanate is sometimes 
used, being, like tho* acetate :j yahle of easy decom[) 0 .sition. 
The cotton fabric may also be first iinj regnated with tannic 
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acid or “Turkey-red” oil .sul).se<iuently with aluiriinium 

sulphate. Sodium aliiminat(i is another lonii in which aluminium 
may ho ap|di<‘d to cotton, its alumina being deposited by the 
(lf;comj)osition of the salt by tlie carbonic acid of tin; air. 

Iron Mordants.- These are mainly ferrous suljAiate and 
acetate, tin* (“orn-sponding hirric salts and the so-called “nitrate 
of iron crude ii'rric sulphate. The general methods arf‘, 
similar to tlntse for aluminium mordants. In addition, when 
feiTous salts are use«l, ag(dng and consequent oxidation are 
cairied out, the ferric salt produced acting better as a 
mordant than does a ferric salt directly apjdied to the fibre. 
Passage through weak alkaline baths is practiscjd, esj>ecially for 
“ nitrate of iron,” much used in dyedng cotton. 

Chromium Mordants. - 'I'he .salts of ehn>mium (from the r)xide, 
(!r.,(),,) ar<‘ analog(»us in their behaviour to those of aluminii|jm. 
Oirronih* sulphati'can he used for mordanting wool, and the mon* 
easily decomposable acetate and thiocyanatt* tV)r cotion. Anotlu'r 
form of chromium mordant for wool is tin* fluoride, CrF,„ which 
is useful on account of tln^ ease with whicdi it is decr)m[)ost‘d, and 
th(j absence of injurimis action of the hydrofluoric acid liberated 
by its <b^com])osiiion — on the fibre ami dyestufl'. An alkaline 
solution of chromic hydroxide is also u.s('(l as a mordant. 
\V(*ak alkaline l)atlis, to follow those of neutral chromium salts, 
arc u^ed in tln^ case of cotton, the rationale of tlie proceeding 
being the same as with aluminium. Sodium or potassium bichr<>- 
iiian^ may abso be a}>pli(‘d as a mordant. 'I’he fibn* appanunly 
lix(‘s chromic acid lr<mi this, the chromic acid l»eing Biibscqucntly 
HMluced to cliromic hydroxide by pas.sage through a l.atli 
containing an organi(i acid or a hisulpliite, or in the dye-bath 
itself at the c.\p»*ns<' of the dy<‘slnff, fibre or some ()lli(‘r (‘ou- 
st it in'iit. Chromic acid thus u.scd and reduced by an organic 
acid oxalic acid) or an organic salt tartar, bitartrat(* 
o1 potasli) constitutes wlial i.s tcu’im d a “ non-oxidising mordant” ; 
sbi.uld no such reducing agent, lx* emj)loy(:d ad hoc, tlm^jdirase 
“oxidising mordant” is appropriate when chromic acid i.s 
utilised in ttis manm^r the dye must be such a one as logwood, 
upon which an oxidising action is napiircd. 

Tin Mordants.- -Tin is ustsl in the form of both stannous 
and stannic com]K)unds. Stannous chloride (tin crystals) is 
used as a fixing atjerit for tannin mordants in c^ton dyeing, 
and in the dyeing of Turkey reds and wood colour.s on cotton, 
and in dyidiig wool anfl silk. Stannic chloride is used in silk 
dyeing. Stannate of soda isJargely u.s(^ in calicc-printing for 
pn*paryig tin* cloth for printing many dyes, such as the eosins. 
Tlie cloth is first jiasscdnhrougli a solution of tin; staifnate, ami 
then through a w(?ak bath of.sulpliuric abid, whereby a deposit 
of stannic oxide is forpied on the fabric. 

(2) Acid mordants arc employed for Ifxing basic dyestufls orv 
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Huch materials as do not lix them <lirectly. Wool fixes basic 
dyestuffs directly (in tinr of any notable atldiiion of 

acid) and, therefore, nr(“ds no external ni(»niant. A <iiial! 
(juantity of acetic acid may be aiidetl, Imwi-vju*. to the dvi -hatli, 
if the water be calcareous or tin- wool alkaline from tin- wa^liin^^ 
it has undergone. Soap is sometimes used as an aul to dvein^j 
wool, its fun(?tion probably consisting in providing a fatty acid 
capable of union with the liasie dyestuff. Silk is also dyeil from 
a teehly acid hath, or the hatli may be neutral or alkaline with 
soap, or “hoiled-olf lupior” — i.e., llie solution of the sericin of 
silk tihre in soap (see '/V-tV/Avs*, V'^ol. if.). The colours on silk are 
soiiK-times imnle uu>re brilliant by snbst‘<juent jiassaifc through a 
feehly acid bath. All these. ]vroc«‘s.s(;s arc in the highest do^i-rr, 
t‘m[)irical. Tor cotton, on the t>ther hand, definite aei<l monlums 
an^retjuired. The mordant may he tannin, or fatty aeids or an 
at'iil dyc'stulf, 'I'ln* tannie aeid generally reejnires to b(' lix<‘(l 
on tlie cotton in the form of th(‘ salt, of .soim- feeble )»ase (c.g,, 
antimony or tin oxide), so that a hath of tartar <Miietic or stauDie, 
chloride (or pink salt— r/.r.) usually follows that of laniii<* aeid. 
The acid oombuied with tlic, basic colour is dis]>lae<Ml by thi> 
tannic acid lu'ld on tiie fibre, and the dyestuff tbus eiitci's into 
combination with tlie “taiimHl’' tihre to form a dye upon it. 
A’ai ious forms of tannin (</.r.) - e.//., galMannin and sumach are 
used in this manner, the ]mrilied tannic a<d(l from gall-nuts being 
preferred for deiieate eidours. The ejfeet of the tannin is refer- 
able to the fact tiiat in the presence, of .sodium acetaU' all basic 
colouring matters may be precipitated by tannin solution, a 
reaction wliicli distinguishes tbein from dyeslulfs of acid charac- 
ter. The eonimom-st form in which antimony oxide is used in 
tartar emetic, 

(’0()(SbO) 

CsHslOlDsX 

^ COOK 

but inijre recent preparations, avoiding tlie expense of the 
tartaric acid, are the dtiuble oxalate of antimony a’«I potas- 
sium, ShK,,(C20j)o, the double lluoride SbF,,NaF jfnd the salt 
SbF.j(NH 4 ).,Sd^. The essentials for an antimony salt for this 
purpose are that it shall he soluble in water without ])recipita- 
tion of antimony oxide, and yet be readily decomposable to act 
as a mordant.x Of otlicr acid mordants it m^ be said that fatty 
acids are generally applied by saturating the fibre with a solution 
of soap, drying and steeping in a solution of aluminium suljihate, 
the alurainiuOT salts of fi^ty acids ufus formed in the fibre serving 
as a mordant foi theiiasic dyestuff. The application of Tvirkf-y- 
red oil has already described (»>. 301 ■[. When acid dyestuffs 
are used as mordants it is generally for the purpose of pro- 
ducing a compound sha»Je. Alizarin, logwood, and aniline black 
frequently serve as bottoms in this way for basic dyestuffs. 

23 
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The application ot the foregoing principles may be illustrated 
by the following de.scrijition of various methods of dyeing. 

Cotton Dyeing. — (A) With Direct Dyestuffs. — The dyeing of 
cotton with the direct or substantive dyes, of which Congo 
red (j). 2D«>;and other dyestuffs of tlie benzidine claSs, such as 
ben/.opurpurin, clirysophenin, diamine red, Titan red, azo-hlue 
an<l toluylene orange, are examples, i.s a comparatively sim][)le 
niutt(*r. A dye-bat}» is prepared containing the dyestuff or dye- 
stvilfs together with a quantity of common salt — 10 })er cent, to 
20 j)er c(!nt. — sodium sulphate (Glauber’s salt), soa{>, soda or a 
mixture of these according to the nature of the dyestuff; the 
cotton is treated in this bath at the boil for about an hour. A 
.satisfactory explanation of the cause of the affinity of these 
direct colouring matters for cotton has not been formulated ; the 
precise function of the various salts which are added to ^tlie 
dye-bath is still unknown ; it is probable that tliey modify the 
•solubility and the state of aggregation of the colouring mutter ; 
it is known, however, that a certain minimum quantity is 
required for each dye to obtain the best results, while, on the 
other hand, an excess throws the dye out of the hath and poor 
results are obtained. Of the many direct dyes which are now 
available, some are fust to alkalies and others to acids ; the 
yellows are distinguished by their fastness to light, but the 
majority of the other colours are fugitive. Certain of tlu'se 
(lyes — e./j., benzoazurin 3 G, henzochrome black, diamine blue — 
are used, not only as substantive dyes, but also with a copper or 
zinc mordant, by first dyeing the cotton in the usual way and then 
treating it in a solution of a zinc or copper salt, which lixi's the 
dye on the fibre. Often this treatment is accompanied by some 
change of tone of the colour on the fibre. Some of the direct 
dyestuffs, primuline, diamine blacks, diazo-blacks, Zambesi blues, 
&c., contain amido-groups in their composition which are capable 
of undergoing diazotisation ; the products can be combined with 
other bodies — phenols and amines — to form new dyes termed 
“ ingrain colours,” which are fast to washing and other breaching 
.^"(‘ncies,’ The method of thus “developing” a colour on the 
fabric is capable of many modifications, and its use is growing. 
The process takes jdace in three stages — 1st, the cotton is dyed 
witli the dyestuff in the usual manner ; 2nd, it is passed into a 
eold bath of sodium nitrite, acidified with hydrochloric acid, for 
the purpose of “ diazotising ” it; and 3rd, it is introduced into 
a bath of some “developer” to complete the production of the 
ingrain colour. The developers chiefiy used arciplienol, beta- 
and q^Iphn-naphthol, resorcinol, aljiha- and beta-naphthylamine, 
pbenylene diamine, toluylene diamine, and sulpho-acids of these 
Ijodies. The phenols and naphthols are li'sed in alkaline solution, 
mid the amines in acid solutions. A great variety of shades can 
be obtained. ’ 
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(B) With Basic Colours.— Tlir h-isic colours rcqn»rft the cotton 
to be mordimtetl with tiinnii- aciil ^see Mordiinis above) ; dyeing 
with tills class ot colouring inatlcrs takes place in tiireo stages — 
(1) The cotton is steeped in a solution of tannic acid or material 
containinj tannin ; {'!) it is jiassed into a hath of tartar emetic, 
till crystals or ‘‘iron liipior " (crude ferrous acctaie), to lix the 
tannic acid on the tibre as a metallic tannate ; (.'>) it is intro- 
duced into the dyc-hatli containing as a rule the dyestidf aloim, 
although a little sodium sulpliale is sometimes add(*d ; tlm dye- 
bath is used warm. As c*.xam})his of basic colours may be 
inentioiu'd magenta, safranino, rhodamiiie, auramiiie, Bismarck 
lirown, chrysoidine, bcnzollavine, Aleldola’s blue, brilliant green 
and incthyl violet. It may be added that the basic colours an^ 
sometimes used for “topping^’ in ordt'r to brigliteii otlier dyes 
previously applied to the cotUin ; sueii dyes act us mordants for 
llie basic dy(*. The basic dyes usually give brilliant shades, hut 
in tli(' majority of ca.s(‘s are not fast to light or washing. 

((’) With Acid Colours.— 'fhese colouring matters, whieli will 
be more ]tarticularly ment ioned under wool dyeing, are of small 
iinjiortance in cotton dy«*ing. Alum and h*ad acetate are used 
:is nioi'dants in tiie few cases in which these dyc.staffs are em- 
])ioye(l for cotton. 

(\>) With Mordant Dyes. — Tlncs^ dyestidfs — e.y., logwood, 
Brazil wood, alizarin, eonulein, fustic — must bo used in con- 
junction with a metallic mordant, such as alum, or a chromium 
salt. Tln^ method usually followed consists in impr(*-gnating 
the cotton with the monlant, an o])eralion fretjuently re- 
quiring several batlis, and subsequmitly dyeing in a l)ath oi 
the (lyestulf. Owing to tie? fact th.at it is dilheult to mordant 
cotton witli metallic salts, e.spi^eially with chromium .salts, Ide 
mordant dves Inive not beeji much used until l.itely, when the 
introduction of new' chromium mordants which an* capable'! of 
fairly easy apjflication to the. fibre, Inis hal to their increased 
adoption. Turkey rc‘<l, alizariti red (from alizarin with alumina 
mordants), logwood hla<j(vS with iron, copper ami chroiiyum im^r- 
(hints, are the most noteworthy examples of cotton^dyc'ing with 
mordant dyes. In general the mordant dyes are characterised 
by yielding colours wdiich are fast to light, washing, <kc. 

* Dyes of Special Application.— Tliere are some colours and 
colouring mooters which are dyed on cotton by special proci^ssea. 

Indigo (see ]i. 34*2) will serve a.s an exatnple. Indigo being 
insoluble in water is reduced to its soKible derivative, ijydrin- 
digotin (wh^ indigo, p. 330) b}! various methods wliicli are 
described on p. 342, ii? order to lit it for use as a dye. Tlie 
cotton is* immersed in vats of indigo 1>hus reduced, amf after- 
wards exposed to tl»elir, vheu ti*^ indigo-white absorbs oxygen 
and pa.sses into indigo-blue. ^ , 

The blue got from •Indigo is cjiaracterised by great fastnegu 
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to light. Of lat<; years iiulophr-iiol (p. 3-2) has heen used iik 
conjunction with iudijro for tin; production ot hhie shiuhis, pos- 
sessing us it <lo(‘S very similar dyeinii j)rop(!rLie.s. 

Aniline black is another coltur wliich requires a special pro- 
cess tor its production, (p. 330). * 

A inoditiealion of the [)roce^s lor pr(‘paring a colour in the 
fibn; itself, which has laron already described \uuler direct dyes 
for cotton (p. 333), may be nderred to here. Tin; cotton is first 
prepared by impregnating it with a solution of beta- or alpha- 
naphthol, with or without the addition of Turk(?y-red oil ; it 
is ne.xt ])ass(;d into a developing bath containing the dia/.o- 
compouiid of an amido-body, prepared by acting with sodium 
nitrite and hydrochloric acidl on such substances as para- 
nitraniline and al})ha- and beta - naphthylarnim; : the colour 
then rapidly develoi)s. (Odours produc<*d in this way are 
fast to wa-hing, acids ami alkalies, and an; fairly iartt lo 
liglit. The most important are the scarlet ; which is a 
powerful cojnpetilor of Turkey red) from para-nilraniline, iho 
blue from aniaidine [the imuhyl derivative of amidophcnol, 
ll 2 ) 0 ((dl.,)] aful tin' claret from alpha-naphihy lainine. 
'riie princi[)al obstacles to tin; di'velopimMil of this nuiliod of 
dyeing have been ibe dillieulty of preparing tin; dia/.o compound 
of th(‘ ainido-body witlioul t;xereising very great cart*, and its 
unstable character when preptin-d. Kt'cenlly, however, stabh; 
forms of these; dia/«» eoinpounds have h(*en discovered and utilised 
— e.g.y nitrosamine, azojdnu- red I'N. 

Metallic compounds an; often developed on eotton as dyes ; 
examples an; allbnU*(l by oxnb; of iron (bull), oxidi* of iiian- 
ganese (brown), oxidt; of chromium (drab) and chroinati; of lead 
(chrome yellow and orange;), d'he colours so ju-odueed an; fast. 
The mtuhoel commonly followed for producing these* tlyes is to 
impregnate the cloth with a solution of tin; nnuallic salt, and lo 
pass it through a bath of such m.aterial as will pn'cipiiati* tlu; 
requin*d compound on the libre. A fast brown colour can li; 
similarly obiaiiu'd on cotton by successive treatment with cutch 
and biclirVmiyte of jiotasli. 

Wool Dyoing.— (A) With Direct Dyes.— -Tin; dyes of this 
group can be applied lo wool, without the uso of a inordiint, 
iVotu baths ct)nt:iining salt or (llauber's salt. Sometimes a little 
acetic acid may be added, in which case the degre«; of exhaustion 
of the dy(?-bath is usually greater than when thi.^ substance is 
omitt(;d. On account ^f the comparative activity td’ tin; con- 
stituents <)f wool fibre, certipn dyes yield d(;(*pe,** .ami fasn,*p 
shade's on wool than on cotton. With diVeot hlues tin; tones ot 
the col'our ilyed on wod and those on C(»tton »lifler, ’tlu* wool 
taking a redder tone. Direct dyes are much used for dy<Mng 
fabrics made of both cotton and wool (“union goods '). In 
dyeing such goods it** is iluportant to ch'joso those dyes which 
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have tho same, or nearly the same, ileiiree ol utVmity for the two 
fibres so tiiut they are tiye<l nearly the same .sha<le : it' tlmn* he 
any dill'erenee the cotton slionhl he dyed a litth* more dee})l\ than 
tlie wool,^ Sometimes by varyini; the j»roj)orli<>n of salt or siulinm 
sulphate in the hath, small dilferences in (lie (h\;i;ree of athnity 
of thi' (lye for the cotton and wool are overe<»me and a ;^'reiiter 
evenness of shade is oidained. 

'Jdie yi'llow dyi's of tins i^roup an* notable on account of their 
fastness to lij^lit. Certain dyesttitVs- c.r/., Titan yellow, diamine 
fast red F and elirysamine— althoui,di actin;; direct ly, yi('ld fa,st»*r 
shades hy treatment of the fabric after dyeing with chromium 
liuoride which acts tis a nmi'dafit. 

(11) With Basic Colours. - I hese :ii e not mueh used for wool, 
hut desei'v(‘ comment on aei’ount of certain jioints of cluuuieal 
in4(Test whicli they present. Wool has a great alhnil.y for basic 
dycstuH's. of whieli magenta is the type, ah.<?()rhijig tlnmi from 
plain halhs only. Knecht has sliown that, in dyeing wool witli 
this class of (lyesluHs, theia' is an actual splitting uji of the 
colouring matliT, the wool lilirc (‘X(‘reisintr its acid fumd.ions, 
lib('rating the colour base, and combining witli it to form a colour 
lak(‘ on the lilac. whi<-h is thus dyed, Mhih' the acid jiresent in 
th(' dyestull' remains in tin* dye-liatli. In this ilie dyi'ing 
jirocess is a (hdinite ehemicul ojicration. 'I'Ik' allinity of tli(‘ 
wool for the dyestull' is so gic.al that in dyeing .a Jonj^ pi(‘c(* of 
woollen cloth serious diminution of tin* strength of llie hath 
taki's place hefon* the whole lengtli has been pas.sed througli, and 
the eloili is niH'veidy dy('d. Tlie rajmlity of ah.sorjition is, 
therefore, moderat(‘d hy the addition of 10 to lo per c(mt. of 
sodium sulpliatc^ to tho dye-bath. Jlasic dyi's for wool are 
genei'ally us(,‘(l in a liot liath. 

((') With Acid Colours.— The acid colours are the most, im> 
portaiit group of colouring matters for wool-dyeing. Seeing 
that most acid dvostuffs ar<‘ sold in the form of tlieir sodium 
salts, is gem'raliy neces.sary to add som<‘ acid to the dyi'-batli 
in order to liberate the»colouring matter and allow it*to act on 
tho tihre. This nect'.ssity maji he turned to accounf for tlie even 
dyeing of thick wfjollen fabrics throughout their mass. by first 
saturating the fabric with tin; dyestuff alone and then trans- 
ferring it to an acid bath. By tliis means the (lesired dye is 
formed strictly" in situ. ^ 

Tin; ncid dyes may be divided into four groups — (T) Nitro-colour- 
ing matters — e.g., naphtliol yellow S, aurantia. Tliese roijuire the 
bath to b(; a^id with sujpliurio u ifl to enable good results to be 
obtained^ tli ’V are much used, giving bright and fast (jfdours. 
(2) Sulphonic acid derjvatives of the ba.sic colours, such as acid 
magenta, acid green, patent blues^nd tliiocarmine. Tlieso also 
require the liath to be |ieid with su’plMiric %cid. Many of them 
are of great value in wool dyeing, ns mixing well with other dyes 
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and enabling u great variety of compound shades— drabs, olives,, 
greens, &c. — to be ])roduced. Indigo extract (q.v.) belongs to 
thi^ class of dyestuils. (3) Kosiiie dyes, Tiiese do not require 
a strong acid }>ath, and acetic acid is, therefore, used >\;ith tlnun. 
They are too fugitive for general use. (4) The azo-colours. 
These are the most numerous of the acid class of dyes for wool. 
They may be subdivided into two groups— (a) Those dyeing 
without a mordant. They comprise the oldest and best known 
— viz., scarlets, ponceaus, oranges, croceines, bordeaux, fast reds, 
tkc. These arc dyed in baths made acid with sulphuric acid. 
Some of the azo-colours are unusually fast to washing and light, 
and being cheap are extensivfdy used in wool dyeing. (/>) Those 
dyeing with a mordant. These are of modern introduction; 
they are capable of forming colour lakes with metallic mordants,, 
which property appears to d(!pend on the dyestuff conti\inhg 
certain radicles in the same aromatic nuchuis in the ortho-posi- 
tion; the groups giving this property are (OH), (COOH) and 
(HSOy). The introduction of resorcin, wiiich contains two (OH) 
groups, into azo-colours imparts to them mordant dyeing pro- 
])erties ; a similar quality is observed in dyestuffs containing 
the group characteristic of a hydroxycarboxylic acid such as 
hydroxybenzoic or salicylic acid. Dyestuils called ‘‘chromo- 
trops,” containinga sulphonic acid of dihydroxynaphthalerie, have 
been introduced, and have the property of forming colour lakes 
which arc distinct in colour from the original dyestuffs. Thus 
chromotrop 2 11 gives a bright .scarlet colour on wool, while, 
when chromed, it yields a deep blue. Tliis class of colours can 
be used as acid colours after tlie method described above, but are 
more generally jnordanted. Tlie mordant azo-colourijig matters 
are, as a rule, faster than those dyed without a mordant ; tlu>y can 
bo applied to wool in one of three ways — (1) The wool is dyed in 
a bath containing the dyestulV, together with sodium sulphate 
and sulphuric acid, and then put into a second bath containing 
the selected mordant — alum, bichromate of potash and 
cliromiuiii iluoride. This is the best method of employing these 
colours. (2y The wool may be nn)rdanted first in the usual way 
and then dyed. This method of working is advantageous when 
the dyestuffs are iised in conjunction with otlio' colouring 
matters netediug a mordant. (3) The dye and the mordant may 
be used in the same bath if a little oxalic acid be Jit-kled. 

As examples of aSo-dyestuffs which are ust'd with a inonlant 
may be mentioned clft’ome brown, chromotrops, chrome red, 
chrome yellow, celestine blii<»., cloth red. cloth bre wn, diamine 
yellow^ alizarin yellows and diamond yellow. 

(D) With Colours Dy^d with a Mordant. — These are applied 
to wool which has previously been mordhiited with any of the 
usual mordants. CVromjnm mordants are generally used as 
giving faster products. In spme rare cases tlie mordaut may 
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be used after the dye. Occasionally the mordant and th*‘ dye 
are ap[)lied in one hath, hut this method is \vjist(‘ful and (lni>s 
not yield the best results, (leneraliy .speakinj', nothiin; is :iiliicd 
to the (lye-baths, but with .some of the ali/arin eoloins ili,- 
addition tif a little acetic acid is advantai'oou.s. in normal 
ing the dye-batii is started cold and is gradually i)roii^dit to the 
boil. In re.spect of resistance to waslnn;', millin^^ acids and 
lij^ht, colouri?i<' matters dyed on wool with a mordant naturally 
take a hiyh place, 'rypical (‘xamples of this cbiss of dyest nil's 
are alizarin, cyanine, eallollavine, ali/arin yellow, aniiiraceno 
brown, jrambine, and eierulem. 

(E) With Dyes needing Special Application. — Tlnu'e are very 
few dycstulfs wldch are a})plie(l to wool by sjiecial proct^s.ses. 
Indigo has been referred to on p. .‘Mi'. The alkali blm‘s(p. dUl)) 
.are dyed on wool bv treatment tirst in a Ixdling bath eontauung 
3(Kla and then in a Initli of sulphuric acid, (diromogen 1. \n liieli 
is a sodium salt of cliroiiKitropic acid, is applied to woo! by hoik 
ing in a balii containing sodium sulphate and suljdiuru* m id 
and then treating the wool in a l>atii of !)icliromal.e of p<»tasli, 

Silk Dyoing.--ln gimeral tin' methods of dyeing silk re- 
semble tiiose adopted for wool, the. two lil)res haviicg siniilai* 
aflinities for the various dyestutl's. Silk is rather mort* dilliculi, 
to mordant tlian wool, and, tlnu’efore, dyestull's m'eding a luoi'- 
dant are not .so nnich ’.sed as in wool dyeing. T1 h‘ method of 
applying a ehromium iiKU'dant after tin? dye (“after-elinnninL; ' 
wliich has come into consider.abh! »ise wool dytdng, has not, 
b(H?n mucli \ised in silk dyeinir, but iin'rit.s eonsidc'ration. 'I'he 
various modes of dy(?ing silk may i>e dealt with under the 
following heads - 

(A) With Direct Colours. Direct colours arc? mueli used in 
dyeing silk, tor they poss(!ss lairly good .allinitv for tin* tllnv* ami 
give d(!<'p and fast siiades. d'lH'y are best dye(l Irom !»atl\s wliieh 
contain phosj)!iate <»f .soda ami sometimes a small projiortion ul 
.soap, and an* mueli used in (ly(‘ing half-silk goods that is, 
inixif] fabrics of cotton ami silk. Some of these, dyestutVs will 
not dye silk from a .sftaj) l).alh, while (hey will •iy(?»(?utton, so 
that it i.s possible to dye eotton-.silk goods in tf(o eoloui's, by 
tirst dveing the cott(ni wiih a direct, dycjstnfl from a soap bath, 
and tlien dy(*ing the silk with an acid or a/o-eolonr wliich does 
not alfect the (jotton but is readily taken up by the silk. It is 
o])vious the dy(? us(jd for the. cotton must be such as will 
r(?.sist the acid u.s('d in dyeing tin? silk. ?}hot eflects may tlius 
be obtaiiie(l on these fabrics. 

(bV) Witn Basic Colours.- 'Im! basic dyestulTs are V(‘ry ex- 
ten.siveVy’ i;s(jd in silk dyeing: They ani ajiplied in Ixnling 
batli containing .i little sodi-or .sulphate, or mori* commonly in 
a l)ath of old boilccl-off liquor fsee Vol. U., p. :^83). 

* Clir^niium tluori«le is geiicrftUy used. 
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This latter method i.s more p.irtieularly applicable where tho 
silk is dyed in the ‘‘^um*’ — th:if is, wlicr*- tin* sericin has not 
b(‘eii leriiovcd j’rom tin* silk ; in this ease the ynm in the boiled- 
oft'li(|uoi' tetnis to pn'vent tln^ gum on t he silk IVoni b(Mng st ripja-d 
while in the dye-bath. r 

((.') With Acid Colours. — Tin* a<Md t-olours are largely ustal in 
silk dyeing, 'i'hey art; apjilied in the sann* manner as in wool 
<ly('ing, or fVe<|iU‘r»tly in a bath of old boiled-o(V liquor or of 
Hoaj). to which somt* acid has betm add(‘d — so-called ‘‘brnktui 
baths.” Silk fdna* has a strong alliiiity for dycstull’s of this 
oliiss and it absorb.s them readily from the dyt; bath, giving as a 
rule good fast shath's. Tin* principles underlying the ajtplication 
of ihest' colours to .silk are identical with tho.se rtdaliiig to wool, 
and are givtm on p. 357. 

(D) With Mordant Colours. IA*w of these are applied to silk 
IxH'ause few- mordants julhere wadi to the fibre, d’he proc^ks 
oommoidy used is tliat of first im»rdanting and then dycdiig the 
silk. Probably tin' a/.o colours which are eoiiMiioidy dyed with 
a mordant could la* (ly(‘d on the fahrie tirst and tlnm fixed with 
chromium fluoride, but this does not appear to be jiractisod. 

(E) With Dyes requiring Special Processes. — Indigo is never 
used as a vat dye for silk. The alkali blues are used in exactly 
the same way as for wool. No other dyestuff belonging to this 
division is applied to .silk dyeing. 

Jute Dyeing. — The dyeing of jute in some respects resembles 
the dyeing of cotton, but there are important differences. Dii’ect 
colours can be applied by the same processes as those used for 
cotton, and they give good results. Bash; colours can be dyed 
on jute from a jdain boiling bath. On account of the chemical 
activity of jute fibre, exceeding that of otlier vegetable textile 
materials, dyeing can be etlected by the direct interaction of 
the dyestuff and the fibre in the manner which obtains with w ool 
and silk, thus affording evidence that the dyeing in this case is 
a definite chemical process. 

^J’he azo-colour.s can be apjdied to jute from baths contfrning 
alum, wdiuih forms a colour lake with tlfe dyestuft' and fixes it 
on the fibre. The mordant colours may be used in the same 
way as for cotton. 

Linen and other vegetable fibres consisting essentially of 
cellulose are dyed in precisely the same way as cotton. Animal 
fibres arc dyed in the same way as wool or silk. ^ 

The production of* coloui'ed mixed fabrics — c.^., those com- 
posed of any mixture oY cotton, w^ool and silk — is effected in 
the simplest case by using the appropivate yarns^ previously 
colouretlj. For dyeing in the piece, colouring matters wdiich 
behave as substantive dyestufls for both qnimal and vegetable 
fibres, such as the benzidine alid the diazo-dyes generally, are 
freely used when a uniformi colour is required. The wool may 
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also 1)0 first dyod with an acid dyestuff and the fabric inordauied 
■witii tannin and tartar emetic, as usual for dyeini; the cotton of 
the fabric. Mixed shades may be ])roduce<i in a similar maninT, 
but witli the diflerence that dyi'stulVs differing in colour art‘ ustd 
for the t\vi[) kinds of fibre to be dyed, 'fhus tin* wool *may he 
dyed with fast red, and tlu' cotton (mordanted with tannin and 
an antimony salt) witli methylene blue. 

(t') PRINTING. -The object of colour priutint; on textile 
fabrics is to ])ro(luce a colound }>attern on a wliiti* i:;r(miul, 
or rice verm, witiumt weavinij[ the dcsi^^n. Two methods are 
u(lo})le(l for this purpose, llu* old«‘r Iwdno Um>wn a.s “block 
printing.” and the more modem as “roller printing.” 

in block ])rintin^ the desi;jjn is mii^ravcd on a large wooden 
block, tin* lim*s of tin* design standing np. The ciilotir is spread 
over the block, which is then imj)resse(l on the cloth to be pritited. 
In*rollcr jirinting the design is (*ngrave(l in, or on, a copper 
roll(*r, which is inked l)y another roller with tlie c-doiir to 
be a])plied. Tlie cloth is made to ]iass between the eiigra\e(l 
roller and a large roller known as a “ jiressuri^ ijowl, ’ ami tlnis 
recei\e.s tin; tlesired impression. Every colour of the design 
ri'ijuirt'K a s<*par;ite roller. 

dust as it is m'cessary that printing iidv should he of j)a.stv 
consistency in order that it, jiiay cling to the type and not, run 
on tlie surface of the ]):ip >r, so it is n'^juisite to a})ply a thicken- 
ing airetit to colours to lx* used in printing t(‘,\til(‘ fubiies. As 
thickening agents are used .such Imdies as starch, gum and 
dextrin (7.^.). d'be same dyesl nil's and mordants are employed 
iti j>rinting as in the dyeing of t<*xtil(* fabrics. Apart, from the 
fjuostion of choosing suitable dy(‘stulVs and mordants, there are 
various methods of obtaining juanted designs on fabrics, wliicli 
are used .•iccording to the precis(* elfecl, or “stylo” sought tf) be 
jiroducod l)y the printer. The <‘haracter of the fibre has sojiio 
intlueiiee ujion the methods u.sed. Cotton cloth is the fahric 
on whicli printing is mostly done ; of late years printing on silk 
and w<*ol has greatly increased, ])ut is still less ])ract;se»l than 
calico-printing. • * 

Five methods or “styles” may be distinguished ; they are — 
(1) Steam style; (2) Pigment style ; (d) Dyeing style ; (1) l)is- 
charge sLvh* ; (5) Ke.sist style*. 

(1) Steam Style. — This style co!i.sists ossemtially iij printing 
w'ith a paste e»»)m])Osed of the dyestuff, mon^int and thickening 
agent, and steaming the fahric l»cjiring tlu; impression. 

With basic dyestuffs tannic ecid is commonly used as a 
mordant, and*the fastnf*s.s of the cedour may ahso be enhanced 
by pa.ssin<^ the fahric, aft.*r steaming, tlii’ouglj a bath of Tartar 
emetic or other anti! yy salt • 

In order to prevent a too rapid* actio*^ bctw'cen the dy(*,stirif 
and the mordant, aceti^i acid is usually added to the printing 
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paste; this is driven off on steaming and the colour is thus 
fixed. After steaming, the goods may be passed through a soap 
bath to remove the thickening agent. This method is a})pliecl 
to a]mo.st all colours that the calico-])rinter may use. 

(2) Pigment Stylo. — In thi.s style of calico-printin'g pigment 
colours — e.ij.i Prussian blue, Guignet’s green — are used. They 
are in no sense dycul on the fabric, but are caused to adliere l)y 
means of some fixing ag(mt. Blood albumin is the material 
generally employed for this purpose. The colouring matter is 
mixed with a thickening agent and the required quantity of 
albumin; tlio cloth is then printed, steamed and finished hy 
soaping and washing. The steaming coagulates the alhiimin, 
thus fixing the colour on the fabric. Synthetic dyestuffs a\ail- 
ahle for use in ])rinting are now so numerous that mineral 
pigments arc less frequently required than formerly, and this 
stylo of printing, which is es})ceially fitted fc>r the latter cl^ass 
of colouring matters, is practised to an extent correspondingly 
smaller. 

(3) Dyeing Stylo. — Tn this stylo or method of working a 
mordant mixed with a thickening agent is printed on tlie fabric 
and fixed by steaming, or freipiently by passage tlirough baths 
of alkaline salts, such as car])onate, phosphate or arsenate of 
soda, d'he printed material is then introduced into a bath 
containing dyestuff which is to be used; the dye is thus 
fixed only on those parts of the fabric wliore the mordant has 
been printed. When the colour has been fully developed, the 
cloths are finislied by soaping and washing, and sotnetimes 
by clearing with a hiitli of chloride of lime to remove any colour 
from the white portions of the fabric. This method is commonly 
practised in printing with alizarin, aluminium sulphocyanide 
and chromium acetate being used as mordants. The process 
is not so much used now as formerly, the steam style giving 
similar results with greater ease of working. Only a limited 
number of colours can be obtained by tliis method. 

(4) Discharge Stylo. — TI kj principle of this method toasists 
in dyeing tl;e cotton cloth and then printing it with a substance 
capable of destroying the colour which has been dyed, thus 
giving a wliite pattern on a coloured ground. Wlnm direct 
colours are used, the cloth is first dyed in the usual way, 
and a pattern is jiroduced hy printing on a discharge paste 
containing some «pow(*rful reducing agent — f.g,, zinc dust, 
bisulphite of soda, stiuinous cliloride or stannous acetate. On 
steaming and washing, the, colour of the printed portion is 
discharged and a white design on a colo^ired ground is obtained. 
ColoiA-ed designs on coloured grounds may be produced if some 
colouring matter on which die dischargft has no effect is added 
to the discharge paste used for printing. Colouring matters 
capable of yielding colohrless soluble \)roducts when reduced 
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— e.(j., thc! azo-clyestufls wliicli f^ive so called leuco-coni pounds 
under such conditions — can ho uiiliscd in this nuinncr. An 
extension of tiie |)rinciple of the disch.arjre nietlKKi is possible 
for dyesti^ds of a (liHerent class. Thus, with mordant dyes — i .y., 
alizarin — it is usual to discharj'c the luordaiit and thus pn veut 
the fixation of the dyestulf. In this case the nu’thod consists in 
iiupremtating the cloth with the mordant (chromium acetate, for 
example) and then printing with a disch.argi^ paste containing 
sodium citrate, which oii suhset|uent steaming, renders I lie 
mordanting oxide .soluble, so that when thc {tiece is jtas.sed 
tlirougli the washing bath, tlie im»r(iant is dissolved awiiy 
wherever the discharge h.as hemi printed. On suhsiapicntly 
dyeing the cloth with the dyestulV, tiie latter is taken up ou 
those parts when; no diselmrge h.is been printed and a coloured 
palti'in is thus prudueed. 

For imligo-dyed cloths an oxidi.sing dischargt^ i.s used. A 
discharge paste, made from hiehromale of potash or bichnunate 
of .soda and a tldckening agent, is prinletl on the cloth, which 
is tiicn ])asscd tiirough a hath containing sul})huric acid and 
oxalic acid;* ilie chromic aciil thus liherati'd oxidisi's the 
indigo and discliarge.s its colour. Coloured designs may Ix^ 
profluced by adding to the discharge past(‘ pigment colours 
(such as cltroine yellow, vermilion and Cuignet's green), which 
are not uli'ected bs llie chromic aci<l or the di.scliarge acids. 
When these pigments an* ustnl albumin is commonly uihh'd to 
the discharge paste for th(‘ })urpos(‘ of fixing tier eoloui’s on the 
clotli. An alkaline solution of a ferricyauide is also usod as an 
oxidising discliarge for imiigo. 

(o) Resist Stylo. — 'I'his may reg.arded as the conveise of 
tlie di.schargo method. It is carri«*d out i)y printing on ihe 
cloth a resist — be., a substance wiiich will [U’event tin; fabric 
from (ixiiig either the mordant oi- the dyestulf in the bath which 
follows. Such resists an^ either mechanical or chmuical in tlc-ir 
actioi^ To the first type belong oily mattms- c.y., resins iiiabe 
into a p.a.ste witli j)ipecli-y or similar miiu'ral matter ;lie fabric, 
being tlins protected in tin; dye bath ; the resist* can be sub- 
s<'([u<‘ntly removed by a suitable .solvmit Chemical n.sisls 
consist of stich compounds as sodium citrate or citric aci«i, 
whicli have the property of pre, venting the, preci})itali'in of 
many hydroi^des or basic salts from aluminium salts, iron salts, 
&c., so that these cannot Jict as mordants'iu places where tic- 
citrate ha.s been ajtplied. Such re.sists»to the dyestuff (which 
may be also*regarded disci ;., ges of the mordant) liave Ix en 
dealt wi^\ in occlion (4) 

Wool Printing. -tJf late years con.stderahle developnfent has 
taken place in the prifitiiig of wooUen fabrics. A*gr<*ater variety 
of colouring matters can be used t’uyi iu;.he [irinting of cotton, 

• Acting in this case as an acid* and not as a reducing agent. 
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und the processes are usually somewliai simpler. Tin; woollen 
cloth is prepared by treatment first in a bath of chloride of lime, 
^ind then in one of hydrochloric acid, the wool acquiring in this 
way a greater affinity for synthetic colours, eH[)eciall^ those of 
acid dytung groujis. Steam and discharge styles are chiefly used 
for wool. In the steam style the colouring matter in the form 
of a thickened solution is printed on the cloth, which is then 
steamed, washed and dried. The direct and basic colours do 
not require any a<ldition to the printing paste, while the acid 
colours require the addition of a small quantity of some acid 
— (>,.(}., oxalic, tartaric or sulphuric acid. When mordant colours 
ure used in wool jirinting, aluminium acetate or chromium acetate 
is generally added to the ]U'inting paste. The discharge style 
is carried out by dyeing the wool with a suitable colour, and 
then printing on a di.schargc paste containing a reducing agint 
such as stannous acetate. The rationale of the process has been 
described under cotton printing. 

Silk printing is carried out similarly to wool printing. 

Water for Dyeing.' — Except for special cases which have 
been already noted, the softer a water the better it can be used 
for dyeing purposes, and even where liiiu; salts are de.sirable the 
addition of these to a pure water is ])referal)lo to the use of a 
water naturally hard and containing other salts. In general, 
all salts of lime and magnesia, even those remaining in solution 
on boiling the w'ater per se~ej/,, IMgCl,, are objection- 

able since they tend to precipitate the dyestulf from the bath. 
'J'races of iron are liable to have a saddening effect on the 
colotirs (see above). In the preliminary and subsequent pro- 
cesses of washing, much waste of soap is occasioned by the use of 
a hard water (see Vol. I.); in short, systematic softening is 
always remunerative in dyeing and cognate industries. 
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CHAPTKU XIV 

PAPER AND PASTEBOARD. 

Typical pa[u*r consists of’ lil>n‘s of approximately pure celluloso 
matUal together to form a sheet. Tlic ct-llulost* em])loy( (.l may 
be either tliat existing as liln*es used for making vegetable 
textiles - cotton ami linen -in tlie form of rags of these 
materials, or tliat present, together with much «tenu‘nting suh- 
alauee, in wood. Paper for many purpo-^os, howe\er, is usually 
“loaded ’ with mimu'al matter, such as kaolin, to pi'oduee, a 
sniboth noU'pornus surface lit for writing upon. 'The main 
riources of cellulose for paper making are rags (linen and eolton), 
e.sparto, llax in the form of spinner’s wa^'to, Immp in llie form 
of old ropes, wood, straw and jute. Old paper is also reworked. 
Wliatover the .sourct' of the c(‘lhdos(‘, it has to ho reduced to 
pulp, and wiu're it is cemented together in tin; raw material the 
cementing suhstancv; must he removed before the puii)itig. A 
bleaching ])roc('Ss is also generally necessary. The linest pajiers 
are made from linen rag; ; in the. hrst stage of tin; mannfaci uta; 
the rags undergo a pndiminarv dusting fiaun adhering rnblush, 
and are then boihal in tin; manner sul)S(‘tjuentiY d(;scrilMal lor 
e.sparto, Init in a loss drastic fasldon, A wasldng from alkali 
and bleaching with cidoride of lime follow, and tin; rags aio 
tinally thoroughly pulpetl, during wliich stage; the “ h)a(liug " * 
(if any), colouring matter and size an; introdutcd. \V lien a 
sizing of resin in the form of aluminium resinate is adopted, it 
is added at this stage, as a mixture of sodium re.sinute .ami 
alunijt which react to form .sodium sulpliate and aluminiiuii 
resinate. (When an animal >ize (gelatin) is u.sed, the linisiu d 
papetVs passed through a solution of gelatin to wliich alum has 
been add«*al.) The coloiAdiig matter employed is generally .some 
form of blue, usually ultramarine to correct the /elluw tint ol 
the fibre. To make the pulp or magma into a sheet of paper, 
it is allowed to flow over an endless wire cloth travelling 
over a frame; a film of pulj) wliosc thickness depends on 
the speed of^ the cloth is thus removec^ the hulk of the 
water draining away underneath. The sheets formed in this 
manner are pressed between felt, jjasseu througli a solution ot 

* The u.snal miuc al additions to paper are kaolin {China day), hariuni 
sulphate {hianc Jixe), cah ium sulphate {(jypmm^anucUine, ptaH karHtmng), 
and tnagnesiuni 8ili^:aU r^ap stone, ' » It). • 

t Sodium hi.sulphaU; has lately been •used insiejul of alum as a sizing 
material in some (iernum factories. In tfjis ce^e sodium sulphate ana 
free resin acids are formed? 
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gelatin and dried and pressed by being passed between 
heated rollers (calendering). It will be seen from the foie- 
going brief description, that paper-making from rags is mainly 
a mechanical ])roco8s. The chief manner in which chemistry is 
concerned with paper-making is in tlie preparation of approxi- 
mately pure cellulose from crude cellulose — e.g., wood. 

In making [>apor from esparto, which contains about 50 per 
cent, of cellulose, the raw material has to be picked to remove 
dirt, and boiled with about 10 per cent, of caustic soda in kiers 
(large boilers) under a pressure of 10 to 50 lbs. of steam. The 
esparto is carried on a false bottom in the kier, the liquor is 
run in and the steam turned on ; the steam is admitted below 
the false bottom, where it accumulates, forcing up the liquor 
through a central pipe and causing it to impinge against a dome, 
from whicli it is rellected on to the esparto. This treatment 
with alkali is more severe than is neccissary for rags, as I’he 
esparto contains resin which has to be nnnoved. The spent 
alkaline liquor is nearly black in colour from the presence of much 
resin soap ; the alkali may be recovered from it by the method 
described below. Washing and bleaching iiiiish the chemical 
part of the tieatment. Straw, jute and other like materials 
are similarly treated as far as chemical processes are concerned. 

The preparation of wood involves the removal of more 
strongly adhering cementing matters than those present in 
esjmrto, so that yet more depends on the proper conduct of the 
chemical treatment, though for tlie commonest paper, or for use 
as a filling material, “mechanical wood pulp” — i.e., wood which 
lias been ground and its fibres thus siqiarated — can bo used. 
Such mechanical wood ])ulp is of short fibre and felts badly, and, 
moreover, as it contains lignin, becomes yellow or brown on 
•exposure to sunlight. 

Scvc^ral chemical methods can be used for the treatment of 
wood fibre. Thus the wood is cut into slices h inch thick, 
across the grain, knots and other imperfections being removed, 
and is digested with caustic soda solution (20 per cent, •jf the 
weight or the wood) under pressure at •a temperature of about 
160“ 0. = 320° F,, during which process the matter other than 
cellulose is dissolved, and a portion of the cellulose itself is 
destroyed. The residual cellulose, which retains the form of the 
original pieces of wood, is broken down to a jnilp, freed from 
tlie alkaline liquor, jvashed, bleached with cliloridf of lime and 
sulphuric acid, and m^de into paper. Formerly the whole of 
the alkaline extract was run to waste, but now it is evaporated 
ill multiple evaporators, ignite'd, and the «rude sodiJIm carbonate 
(contaiaing sodium silici^te in cases where siliceous raw cnaterials 
— e.g.j straw, h,ave been used), resulting fiiom the decomposition 
of the sodium salts of organic ^cids, re-causticised and used again, 
llecently it has been* proposed to obtaia acetic acid from the 
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residue got by charring spent lye from this process, wliiclj in tlio 
case of esparto contains sodium acetate t»> the I'xtent of alioiit 
0 })er cent, of the weigiit of the raw inatenal. 

The multiple evaporator nontioneil above consists ul a s(*ries 
of 3 or 4 vessels (Kig. 43) into the lirst of which, A, the alkaline 
liquor is admitted through tlio pipe 11, and steam at 40 to 50 lbs. 
prt'ssure through the pipe C. The Hipior ihovs up (lie pijies 
o, o, o, around which the steam »*irculates. The vajxmr from 
the liquor j>asses through th»' pipe I) into th<‘ steam chamlier of 
the second viessel M, whieli also reciuves the waste heat trom the 



A, First evaporating vo.sscl ^B, pipe for lifjuor ; (h ]»ipe fcir 8t.eay[i : o, a, n, 
."teiun heated pipes ; j>, pipe for vapour of li<|Uor ; K, se(^)iiil ev:i])orator ; 
F, stemn eonneeting pipe ; (J, pipe conueoting cviq>orao)rK. 


steam chamber of the first vessel through the pipe F, which is 
30 feet or more in length, so that tlie steam on its passage is 
condensed t(? water and re-evaporates undr.r reduced pres.suro. 
Tlie o]jeration is repeated in the siiccooding vessels, a vacuum 
b'jing mainlined at the liqum c^iamber of the last vessel by 
means of a pump and*surface condenser. With regard to the 
circulation of the liouor itself, it flow»from one evaporator to 
The next by means ol^ a pipe, o, j^lso dipping 30ifeot below the 
level of the vessels. 

A cheaper recagent "than caustic sSda tor the chemical treat- 
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rnont of wood is sodiuiii sulplii(l<‘, wliidi is used in a similar 
manner. It is ^Mjerally made in si'u. In' startini' witli a mix- 
ture of sodium sjilphate and lime, and cvafMiranii^' licpior 
after it lias extracted a certain quantity ot C(Uiientiy<; matter, 
whicli on ignition nsduces some of tlie sulphate to sulphide, and 
yields a mixture of sodium sulphide and caustic soda. In order 
to decompose th(i silicate of soda due to tln^ silica in the raw- 
material, tlie solution of the ma.ss is sometimes heated in a 
closed vessel to 103” to 107” 0. - 217” to 225'^ F., and carbon 
dioxide is led in under a pressure of 21 lbs. per .sq. inch. 
Under these conditions the silica separates in a form in which 
it can (.‘asily be tiltered olf, leaving the .sodium sulphide un- 
decompo.sed. The sodium carbonate and bicarbonate formed 
are thim caustioised by the addition of lime. Tin; yield ot 
wood pulp by the caustic soda process is about 30 to 3.) ()er 
cent, of the wood used, one-third or more of the total cellulose 
originally present being dijstroyed. 

Inasmuch as the action of caustic soda is hydrolytic, it is 
possible to substitute dilute acids for the alkali. A niorcj recent 
method of pivparing wood pulp is tliat known as the sulphite 
process. The comminuted wood is (bgostod with a solution of 
calcium or magnesium bisulphite (3 to 5 per cent, of at 
about IGO” C. -- 320® F. in lead-lined digesters. Before the 
digesters are closed, the air is expelled by s:('am. The bisul- 
phitt3 is produced by passing pyrites kiln gases up a tower filled 
witli limestone, dolomite, or magnesite, down which a stream of 
water finws. The constitution of wood lends itself to the for- 
mation of certain organic sulpliur acids (sulpholignic acids), 
which fact doubtless facilitates the separation of the cementing 
mat('rial, and probably also aids the hydrolytic action which is 
necessary. The spent sulphite Ih^uor is bright yellow, and 
consists essentially of the inagnesium salt of sulpholignic acid; 
it also contains small quantities of resin, tannin, and various 
sugars. No successful utilisation of sulphite liquor has yet 
been achieved. The yield of wood pul^ is greater than by the 
caustic soda ^»rocess, aiuoiinting to 40 to 50 per cent, of the dry 
wood, tlie destructive action on the cellulose being less severe. 
Sulphite ])ulp is fairly liglit in colour, .but is usually bleached, 
a good deal of chloride of lime being necessary in order to 
oxidise the reducing substances present. 
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rHAPTKn XV. 

PIGMENTS AND PAINTS. 

Thk nof'tssify for a prot'-ct-ivo ooat.ijii; on strnctnros intondod 
to Ig? pormuiuMit hii'^ t'ivrri risi‘ to tlio custom of applyiiii^ soim* 
foini ol paint, which is simply a ihin layer of oilv or rcsinoiis 
matter, contaiuiiii; limdy diviileil solid matcnial in snspi'nsiori. 

riie naturii of the solid sulisfnnoc is dct(‘nniin*d by ,sc\('i‘al 
coiisideralions -c.y., its power of al>M)rhinLj a»id r« (Irctim^' li.^hl, 
iN'sistint,' coi'iosiv<‘ inllncmo-^, and I'latifyin^ i.lic a’stlntic 
instinct. Snell solid snli'^laneos ar«» fm’inod pigmorits, in 
cont radistinet'ion to r.lndr adinixt ure.s with a vidiiide e.7., 
linsi'od Oil- which are ;alh tl paints. Tin'; colour of ,l pii^onmit 
dojiends on llu' wan* [enoth-. of the light whiidi it rrlloeis ; 
piyments redeet. light of only om* wav«‘ length, or evmi of 
appro.ximatcly ec^ual wavi* lengths, whence it. hdlows t hat the 
ccdours of most pigments are impure, and ari^ found, on .spectral 
analysis, to contain monr than on<‘ colour of the sjieinrum. 
Mi.vtunts of pigments, therefore, do not allia-t. tin* i^ye in tin* 
same way as do .liinilar mixtunjs of the'^-idours f»f (he spectrum 
- — e.^., a mi xt lire, of ,a hliie and a. yidlov'it pi-uienl- is e.orniiioii I y 
green, hut one of blue and ytdlow light is white, '{'his arises 
from the fact that in a inixli.n' of pigments the light suffeis an 
al)S()r])tion hy each pigment .sin-eessividy, and it is onlv tdiat 
portioii*of the liglit whi^h is not ahsorheil hy any of Uu* pig- 
im nt which reache.s the eye and eoninninicates 1(» it^i jiartieular 
sensation of colour. In the ease of Idue. and yellow pignnmts, 
tlie light ndlected by eacji a! ways contains green, whieii is not 
absorbed to any groat extent l>y eiiher, ami thus tin? net result 
is that tile mixture appears green. 'I’ln- body of a pignn iit is 
its covering power, or jiroperty of hiding a«iurfaee to wliieii it 
is applied. I’his quality cliiefly ('epends f)ri (1) the linene.ss of 
the. particles «|f the pigment, and tm ( 5 ) the opacity of these 
particles— he., tiieir tendency <0 retlect or absorb, and fail to 
transmit, tlie? greats' portion i’le liglrt.. “ l>ody” is mfually 
judged by a q^imparativ^ trial with, a pign.ent f>f ^riow'ii excel- 
lence in covering jiower, when tin* pigment i^ inadi! into a paint. 
Thus white lead servics a.l a standaiai for white pigments. 
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(A) MINERAL PIGMENTS. 

1. WHITE PIGMENTS.— White Lead.—This substance 
is iJie beat white pigment know-n, in respect of itfj covering 
power and colour. It is, liowever, n?adily darkened by exposure 
to air containing sulphuretted hydrogen, and is somewhat costly, 
it also possesses the disadvantage' that, its inanufai;ture is 
at U'lided by a certain amount of risk of lead poisoning to tlie 
opc^ratives. Chemically, white lead is basic carbonate of l(;ad, 
!i])proximating in coinj)Osilion to the formula lirbC 03 .Pb(()JI jg. 
Many h^ad pigments, consisting of neutral carbonate, or ev<‘n of 
lead sul[)hate or oxychloride, an* fraudulently termc'd whitf' 
b^ad. The older methods, and those which are still claimed lo 
produce whit(? lejwl of the finest quality, depend upon the (‘asu 
with wliich lead, in the presence of acetic acid and air, beemnes 
converted into lead aciitate, and subseijuently basic lead acetate, 
and upon the facility with whirli this substance can b(? coiivrrted 
into white h'ad by the mrtion of carbon dioxide. The, best ju’o- 
(luet is obtained when this cycle of changes is conducted without 
any of the reactions taking place in solution in large volumes of 
wat(‘r — i.e., when the process used is not one of those known as 
‘‘ precipitation methods.” 

The Dutch or Stack Process. — Tliis old and empirical process 
yields the best white lead. In this method sheets of [lure load* 
2 feet X 4^ inches x J inch an; 
rolled into a coil (sei; Fig. 44), 
which is placed in an earthen- 
ware }) 0 t provided with a shelf 
(H(‘e Fig. 45), upon which the 
lead rests, and containing weak 


Fig. 44. Coil. Fig. 45.— Pot, with Shelf. 

vinegar. Many such pots are built up into “ stacks,” and are 
surrounded by horse. dung, the w’hole being covered up with 
the same material. A single stack will contain as many us 
12,0(10 pots. 

• Tho fiurity of the lead is important, as the presence of traces of 
copper and antimony is found to cause the production of white lead of 
inferior colour. 
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In tlie En;]:lish process the Icft^l i.s u.sed in tin* form of ^rids or 
gratings, and the dung is replaced by sj)ent tan. Tin- forim*!* is 
rather liable, to cause th(‘ discolouration of the white lead by the 
evolution^of sulphuretted hydrogen. The dung or tan spiaalily 
ferments, tlie teinperatun^ of the heap e«>n.sequeritly rising tA) 
60° C. ~ 140° F., and evolves ('0.,. limler the.se conditions 
the acetic acid of the vinegar is vcdatili.sed, and in conjunction 
with moisture and oxygen of the air, corrodes tln‘ h‘ad, with the 
ultimate formation of basic lead ac<‘tato, which is tlnm de(roni- 
})osed by carlM)n dioxide, pnKiuced by the feriuenlation of tlm 
<lung. The tir.st of the.se changes may be I'cpresented by tlio 
equation — 

( 1 ) Pbg + O 3 + ‘iCHjCOJl + 11,0 - (Cll/’Oa),lM>.‘2Ph(OH)8 

l’.aslc Icatl acetiU<'. 

Til# h(‘cond change may be represented thins -- 

(2) 81{CH3C(),)al’b.2rb(OH)j] e 4002 .'KOIlaOO-dsl’h 

l/cnd nc<‘liUr. 

+ 2[‘2PbC03.l*b(0H)2l + 4naO. 

WliiU' load. 

The lead acetate thus liberated is reconverted into basic lend 
acetate in contact Avith metallic lead, oxygen and water, the 
product serving again for the production of wliite leail. Thus 
the sam(‘ portion i.*f acetic acid sullices for the corrosion of an 
indetinite quantity of lead. AftiT a jieriod varying from eight 
weeks to three months, the heap is disinantleil, and the coils are 
found to be incrusted with “corrosions” of white lead. The 
white lead is knocked ofl* and taken to the mill, wdiere it is 
ground and washed to reuiove Iciad acetate, dried, and put on 
llic murkt^t. The residual unattjmked load, amounting to from 
30 to 50 per cent, of the weight of the load originally takmi, is 
known as “blue lead,” and is roiiielted and used again. 

The German or Chamber Method. — This differs in prineipb^ 
from the stack method in that the carbon dioxide is sujtplied 
from aft external source-^viz., a coke fire (which serve:? also to 
kee]) the temperature of the corroding chamber at «})out 35° (k 
^ 95" F.) — instead of being produced by fermentation on the 
spot. The acetic acid ii^ also introduced from without, weak 
vinegar being distilled from retorts outside the chamber. This 
is built of brick, and contains shelves upon which the sheets or 
gratings of leiwi are disposed. The supply •of carbon dioxide, 
acetic acid and water vapour has to b^ «arefully managed, lest 
tlie product be granular in.>itv.*d of*soft and amorphous, or con- 
tain too much lead oxi^e, which imparts to it a yellow tint. 
The proedks may take from ei"ht to teif weeks for completion, 
though this ^time ma^ be consid^ably shortenl^d in modern 
practice. It has been proposed to bitten, the corrosion of the 
lead by covering the slfelves in tlje chamber with a metal, such 
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as tin, plL'ctroiiegativo to lend, the galvanic couple thus set up 
j)roinoting the read ion. 

Precipitation Processes. — 'I’lie principle underlying the majority 
of these is the formation of basic lead carbonate (whi|e lead) by 
treatment of basic lead aca^tatf^ with carbon dioxide, the reaction 
being similar to th(^ linal tdiangc taking place in the dry process 
de.scriiaal above (e(jualion 2). 

In the French or Clichy process litharge is heated in a solution 
of neutral h^ad ae<Uat(“, and the solution of the resulting basic 
l(!a«l acetate is separab-d by decantation from undissolved lead, 
coppcT and otlier impurities which occur in litharge, and treated 
with (airboTi dioxide from a lime kiln, in a vessel provided with 
numerous delivery pipes to distribute the stream of gas. The 
earbon dioxidt; is fre(‘d from sulphur dioxide and similar im- 
purities l)y being washed witli water previous to its entering 
the ])recipitat ing vessel. 

'I'Ik' neutral h“a<l acc'tate produced by the precipitation of white 
lead from l)asie I<‘ad acetate ip. 371) is pumped back into the first 
vessel of the s<‘ri(;s and u.si'd for dissolving a furtlier quantity of 
litljargi', thus going (hrouirh tlie cycle of changes nipeatedly. 

\ metliod which avoids the use of lead acetate is Milu(;r’s 
pi’oeess. This consists in producing a basic chloride of lead l)y 
treating litharge' with a solution of common salt, the mixture 
being continually agitati'd for several hours. The ]>roportions 
used are 1 of litharge, 4 of salt, and IG of wat(T. Tdie reaction 
induced speedily causes these to set to a pasty mass, consisting 
of basic lead chloride and caustic soda. 'Idle change occurring 
may be tlius represemted — 

4f’bO + 2NaCl + 5fl.>() PbCl.,..3Ph0.4Hj0 + 2NaOH. 

This ma.ss is transferri'd to a lead lined iron cylinder, into which 
carbon dioxide is forced under pressure, the contents of the 
cylinder being kept stirred by agitators. The carbon dioxide is 
prepared and purified as described under the Oiichy process. 
The reaction occurs on the following lines ; — 

3[PbCl2.3Pb0.4lIo0] -} CvNaOH + 8 CO 2 = 4[2Pl)C03.Pb(0H)j] 

+ GNaCl + llHiiO. 

Chemically considered, the reaction is analog6us <^0 that in which 
acetic acid is used as a corroding agent, the function of the salt 
being to induce the uhipn of lead with oxygen, water and carbon 
dioxide, a reaction which only takes place directly, at a slow rate, 
because of tlie insolubility of lead oxide. Other salts than those 
mentioned above have been proposed as intermediaries in the 
formation of t)asic carbonate of lead froiifmctallic kad or litharge 
— e.g.j the basic nitrate^ and a solution of litharge in caustic 
soda. In another series of processes the precipitation of basic 
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carbonate ot load is ellected by tlie ust* of sodium carbonate 
instead of carbon dioxide. In the Bisohof ])rocess litharge is 
first heated at a temperature of 2o0'' t(* 300^^ C. - 482“ to G6‘2“ F, 
in a currinit ot a reducing gas, whereby a suboxide of l(‘ad. 
Bb.jO, is said to be obtained. This is next converted into 
hydroxide by mixing it with water; 1)00 parts of the hydroxide 
are tlien mixed with 2, .>00 of water, 14 of acetic acid, and 16 of 
sugar ; on passing a current of carbon dioxide through t lio 
wlntle, wliite h'ad is foi nn'd. 

V arious electrolytic processes have b(‘en devised for the 
manufacture of white lead. They con.sist in sending a curnmt 
between lead electrodes through a solution containing dissoh <‘d 
salts — e^., ammonium nitrate and sodium carbonate — wliieh is 
k' pt saturated with carbon dioxide, 'I’lie lead hydroxide is 
tlnis converted into white lead as fast as it is forim'd, Tlu*se 
nu'tliods have scarcely ])assed the experimental stage. 4'lie 
many processes for the manufacture of white lead which have, 
been devised may be attributed to (1) tin* slowness of the old 
corrosion methods and (2) the occurrence of cases of lead poi.son- 
ing among operatives em})loyed in the manuf',cture of white 
lead by these processes. 4'ln; first objection to the corrosive 
methods appears to be insuperable ; it must, how(?ver, be nob il 
that no product of moia; ra]>id methods is ecpi d in covc^ring 
pow(!r to whit<* lead imnle by the old slow stack process. The 
second can be met by pro})(M’ use of respirators and soap. 

White lead of good (juality approximates in eoTnposition to 
the basic carbonate already mentioned, and tliertdore contains 
8G‘3 per cent, of l*b(.), 11-4 })(‘r cent. and 2'f» per »;<‘nt. of 
11,0. It is put on the market both dry and “ ground” —i.e., 
ground in lin.seed oil to u stiff paste —for convenienee. in mix- 
ing to a thin paint with boiled linseed oil ami oil of turjventine. 
The (juantity of linseed oil })re.sent is about 0 to 8 j)er cent. 
It was formerly supposed (hat a portion of tiie oil was saponified 
by the^load hydroxide of the white lead, ami thus caused a more, 
permanent association oft the pigment with its veln(de, 4mt this 
view is now di.scredited. On account of its coinpafatively high 
jirice (X20 per ton), white lead is largely adulterated with barium 
sulphate (barytes), lead sulphate and calcium carbonate. 

Other White Pigments Containing Lead.-— In most cases 
these are lea<4 suTphate, alone, or mixed with such dilucmts as 
barium sulphate. These are made either by precipitating a salt 
ot lead-— e.f/., the acetate — with sulphpfic acid, (>r by taking 
lulvantagc offthe ease wit. i which galena (PbS) is converted 
into Icad^sulphate (TbyO^) when roasted in air at a nn^derato 
temperature. T’ : action tha' occurs is*probabjy the formation 
of lead oxidoi which is moderately 4m^ itile, and slflphur dioxide, 
the two substances being carried off t^jgetUer as lead fume, and 
uniting in the i)resence*of o.\ygen 4/0 form lead sidphate. Crude 
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lead fume contains lead oxide and metallic lead, as well as lead 
sulphate, and has to be I’urlher roasted to lead sulphate, anv 
residual grey tint due to impurities bein;^' removed by treatment 
with sulphuric acid. According to Hurst the finished pigment, 
at>-ealled “sublimed white lead,” contains — 


Lead snlpliati*, 

IVt cent. 

. 8-2 -0 

Lead oxhle, .... 

Oo 

Zine oxide, .... 

tin 

Load carbonate, 

!)-.t 

Water, 

i:{ 


100 0 


The presence .of zinc oxide Is due to the tjxisteiice oi zinc in 
many lend ores (the volutiliiy nt zifu: (rausing it to concentpiie 
in dm lume), and adds to die value of the pignumt. 

A chlorosulphite of lead is made by oxidi'^ing lead sulphide 
(galena) or a mixture of lead fume with pyriU's, with air only 
sullicient t«) convert it into sulphite*, and treating this in the 
chamber, into which it is blown, with hydrochh>ri<' aciel ga^ 
gemu'ateel hy spraying hriiui into the llame of du* furnace. This 
is known as “ Caledonian White Lead,” hui, for the reasons stad'd 
above, it is not true wldle lead, to wliich it is infi'rior in eover- 
ing power. 

Zinc White. — Onlinary zinc white consists of zinc oxid<;. 1 1 
is generally jirepared hy distilling zinc into largi* eliamhers, 
where the vapour comes in contact with air and burns, the 
r(‘sulting zinc oxide Ix'ing (l(‘posit(‘(l oJi the sidivs of tln^ 
cliamhens, from which it is afterwards collected. It may also 
he prcjiared directly by htsiting the roastial ore with coke or 
aiithracit.i-, .and Imrning the vapours of zinc dins obtained. 'I'his 
method is le.-s common than die jirevious process, as cadmium is 
even more volatile lliari zine, and its oxiih*, being brown, dis- 
colours the product, while in the preparation of metallic zinc 
(see V<jl. T.) cadmium is eliminated.* Another plan ('onsist.s 
in extractin^^ crude zinc oxide with ammonium carbonate, the 
impurities — lead and cadmium oxides — Ixdiig left undis- 
.solvi'd, and dislilling olF th(‘ aminoniuin carhoiiatc ; the nisitlual 
zinc carbonate is then ignited to (>xide. 

Zinc white has poor covering power, but has tlic advantage of 
not being blackeiieAl by sulphuretted hydroL'en unless the pig- 
ment contain lead, as ifc almost invarialdy does in its commi'reial 
form It is liable to ticful to nation with barium sulphate, kaolin 
and whiting. ' 

In ftrder to obtain a figment as permanent as zinc Vhite, but 

* Some .samples of zinc white 'are tinged y<dl()w by tiu?' presc'm of a 
minute (piantity of eadiniunu sulphide ; their colour can he improved by 
roasting the .sulphide to oxidu, wiiiph is a less fioworful pigment. 
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possessed ot ijreater Inxly, oilier zinc coin)K>und.s, uotalily the 
sulphide, have been usimI. “Orr’s zinc white" {'^lithojionf'") U 
a mixture of barium tsuipi.aie uiid zinc .sulp)hide, prepared l)y 
precipitating a solution of zinc sulphate with barium sulphide. 
Unlike ordinary zinc white, it is free from lead. 

Barytes {barium sulphate ). — This sultstance is chielly used as 
an adulterant for other pigments. It is either prepared by 
grinding and levigating the mineral barytes (crude barium 
sulphate) — the dark colour due to iron and other impurilies 
being removed by treatment with sulpliuric acid, and tiie tint 
of the washed product improved by the addition of a little ultra- 
marine — or is made by precipitating the solution of a barium sail 
with one of a sulpliate. Precipitated barium sulphate is a bye- 
product in many industries. It has a greater covering powor 
tbjn ha.s the native material, which is more coarsely crystalline 
in structure. 

Whiting. — Whiting is simply levigated chalk, and is used as 
an adulterant and diluent for other pigimmts, and Ibr preparing 
wliitewasii, which is whiting suspended in water by the aid of a 
little .size. 

2. BLUE PIGMENTS, —tritramarine. — In former times 
a costly blue pigment was obtained by grinding a comparatively 
rare mineral, lapis lazuli, consisting chit'tty of silica, alumina, 
soda and sulphur, to an impalpable powder. The. same pigim lit 
is now cheaply )>rcpared by beating together cliina day, sodium 
sulphate or sodium carbonate, carbon and sulphur, tlu' use of 
these materials having been first suggestid by analyse.s of the 
mineral. The carbon is necessary to nduce (be sodium sulpbato 
to sulphide. The china clay must be approx iinatidy pun* kaolin, 
AlgOg.’iSiO^.'illoO. The soda used, now generally sodium car- 
bonate, must also be as mMrly pure as po.ssihlo. The [iroportiuns 
in which the materials are mixed vary according to wlu^ther iv, 
is desired to make “ soda-ultrainarine ” poor in silica, or soda- 
ultramarine rich in .silica. A third variety, “sulphate-ultr.v 
marifte,” is still pre[ta^’ed from sodium sulphate. Soda-ultra- 
marine poor in silica is made, for the .sake of its darker and 
richer hue, from a mixture of the following com|»osition : — 


Kaolin, . 
NayCO.-i, . 



100 parts. 
lOO ,, 

12 „ 

• 60 „ 


That rich in silica is prepar 

kaolin, . • . 

• Free silica, 

Nae' '3) • ^ 

#C, . . . 

s. . . . 


d from a pdxture containing 
90 parts. 

. ... 10 „ 

. . 100 „ 

.. .. 12 / „ 
fiO „ 
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In the manufucture, as carried out at some works, it is 
advantageous to prepare first a green ultramarine, which can 
either be marketed as such or converted into blue ultramarine 
by re-heating with sulphur. When; blue ultramaring is alone 
required it can be made by one heating, the process being, 
tlieiadbre, called the “direct” process. For the production of 
green ultramarine the mixture is packed into small crucibles 
about 6 inches in height and 4 inches in diameter. These 
an; covered and ])laced in a furnace consisting of a chamber 
ov(!r a fire grate. Oare is taken to exclude air, and the 
temperature is raised to redness. This takes from 8 to 12 
hours, after the elapse of which time the furnace is allowed 
to cool as slowly as possible, and the contents of the crucibles 
washed and ground, then constituting green ultramarine. In 
view of the fact that the colour depends on the presence,, of 
sulphur, great precautions must be taken to avoid oxidation 
during this heating. To convert this into blue ultramarine it is 
heated with sulphur, with access of air, at a low temperature, in 
order to convert a portion of the sodium of the green ultramarine 
into sodium sulphate, the differenct; in colour arising from the 
alteration of the quantity of sodium present as an essential part 
of the pigment, green ultramarine containing nearly twice as 
much as blue. This second heating is generally conducted in a 
m\dUe, on the floor of which the gnam ultramarine is spread. 
The final process of finishing the ultramarine is the same as that 
which is used for ultramarine made by the direct process (v.i.). 
For the direct production of blue ultramarine, the mixture given 
above is packed into mufiles, which are closed and heated in sets 
in a muflle furnace for several weeks at a modiirato red heat, the 
end of the process being judged by the withdrawal of a sample 
from time to time. The access of air to the mass is small in 
this method of heating, l)ut, insvertheless, is suflicient to destroy 
tht; blue colour of the outer Layers. The intermediate layers 
are a good blue, while the centre of the mass has a green tint 
from defect of air. For more rapid ^ working cruciblel^ are 
pnd'erred, the process being then conducted very much as was 
described for green ultramarine. The crude blue ultramarine 
is a fritted blue mass, and contains soluble sodium salts (chiefly 
sodium sulphate) which must be removed by grinding under 
water and thorough washing. The ultramarine is graded by 
levigation, the most finely divided being reckoned T)est. Ultra- 
marine is a pigment ve^y^ stable under ordinary influences, but 
is easily bleached by acids, .which decompose it ^completely, 
evolving sulphuretted hydrogen and depositing sulphur. This 
propert}i gave rise to the supposition that the compoifnd con- 
tained some sulj^hide or polysulphide of sodium, ^ 

The cause of the colour of ultramarine has been much debated. 
Recently, Knapp has ^ut fOrward the viev that it is due to the 
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presence of a peculiar modification of sulphur, very similar to 
the “black” sulphur obtained by heating a mixture of sulphur 
and oil. Under many coiiditions this allotropic moilificiitiun of 
sulphur J)(*comes blue, particularly when spread ov(*r a large 
surface. Such a surfac<‘ would be supplied by the silicates in 
ultranuirine, and, when these are attacked by an acid, the blue 
sulphur would become ordinary yellow sulphur. Bodies ol com- 
position corre.sponding with that of ultramarine, but containing 
other bases in plac(^ of soda, have been prepared — e.g.^ ])otassiu!n 
and silver ultramarine — which are blue and yellow respectively. 
Different samples of ultramarirn' vary in composition according 
to the mode of inanufactung which is regulated by their intemh'd 
use. The diff(‘renc(^ between blue and gia'Cn ultramarine is 
shown by the following figures ; — 



eiii. , 

<imMI 

SiO.., . 

l<>!) 

;5s:) 

Al.jO;., . 

•-Ml 

•J!)() 

s, ... 

1 1 0 

Sc") 

SO;„ . 

. . .‘{0 


Xa..O, . 

. i lorn 


il.O, . 

. . i 



Besides its use as a pigment, in the ordinary sense of the term, 
ultramarine is lre(|uently einjiloye*! for corr«“cting any slight 
yellow tint in goods which sliould he white — e.f/., harium 
sulphate, sugar, starch and pa|M‘r; it is als<. used in making 
factitious mottled soaps (se<5 Vol. 11., p. 265), and in ealicce 
])rinting. 

Prussian Bltto.— This pigment is essentially composed of 
iron, carbon and nitrogen, and in its best torm is the b^rrie salt 
of l.ydrofeiTOcyanic acid, il ,he(CK)^j, so tl.at its formula may be 
writle*! Fe 4 [Fe{CN although the comim'rcial ]»rod net varies 
cori.siderably from tliis \;omposrtion, and fre(]uently •contains 
potassium in the form of a double eyanide of thUt metal and 
iioin Potassium ferroeyanide (yellow jirussiate of ])otasb), 
JvJ^eCy^.,, is the raw ma ferial for the ferrocyanogum group. It 
is ii<» longer mad^ by the, manulacturer of Prussian blue, the 
ti-ade of makiiJg cyanides being now distinct ^see Minor Cfmmical 
Manufactures, Vol. II., Dhap. X V 1.1 1.). ^ 

Prussian blues of somewbet differer^ shades are made from 
potassium fe4icvanide ^-ed prussiate of potash), K 3 FeUy,.. 

The b^.t and*^ ])urest variety of Prusi^an blue is know^i com- 
mercially as ChLu.ae Ijlue, f-.ai is made by mixing a solution of 
ferrous sulfAiate (“copperas”), efintaii.ing 1 c\/t. to every 30 
rrallons of water and IQ lbs. of sulpliuric aeid with a solution of 
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potassium ferrocyanido of equal strength. 'Ihis dilution is ad- 
vantageous as giving a finer precij)itat<; than would be obtained 
in stronger solutions. The pn;eipitato i.s white at first, being 
ferrous ferrocyanid(‘, Fe._>FeCyg, but on account of the presence of 
dissolved oxyLren and of ferric sulphate* in eoinuKjrcial cop|)(‘rjis, 
it is lre<iu(‘ntly light blue owing to the formation of some ferric 
ferrocyanido. The precipitate is allowcsl to .settle, the clear 
liquor run off, and tin* precipitiiK* oxidised to f(!rric ferro- 
cyariide by treating it with any convenient oxidising jigeiit;, 
bleaching powder (made inio a thin cream with water) Ixdng 
the cheapest ; nitric acid is preferred on the (Continent ; air 
would be clieaper than eith«‘r of tin'se, but it is found 
that the colour of tin' product is not so good. After the 
addition of the bh'acliing powder, dilute* hydrochloric acid is 
added ; chlorine is tlius evolved, and oxidises the ferrous ferjo- 
eyanide to Prussian him*. Soinetiiues the hleaching [lowder is 
\Ksed to oxidise the ferrous sulphate into ferric .sul|)iiate previously 
to jirecipitation, hut the blue thus prepared is not of etjiially 
good tint. By substituting pota.ssium f(,*rricyii»dde for tlnj h'rro 
cyanide, a blue of nalder tint than that product'd by the* lat,t(*r 
is obtained. 'I'ln^ bliuj is washed and pressed into <':d;es. Com- 
mon Jh'ussian blues an* either pr(*pare<l by oxidising ferrous 
lerrocyanide by air, or by the addition of dilu(ml.s such as barium 
sulphate, ebalk. Ac., to ordinary Brussian blur. If in the pre- 
]»anuioii (»f Brussian blue potassium h'rroeyiinide be k(‘pt iti 
('xeess — e.fj.y by pouring the iron soiutiou into the .solution of 
ferrocyanide — “soluble” Prussian blu(‘ is foriurd. 'I'bis sub- 
stance is (mly stdubh* in pure water, so tluit it does not 
dissolve \mtil the moth<‘r liquor has botm removed ami the blm^ 
washed. Formerly, soluble Prussian blue was much used for 
making inks, but it is now lurg(*ly replaced by aniline dyes. 

Turnbull’s blue is a variety of Prussian blue {uepared by tin* 
double decomposition of ])otassium fcrricyanide with a ferrous 
salt. Its composition is said to be represented by the formula 
1 e3{ FeCy(5)2. i • 

Brussian bjue is extrem^vly fast to light and acids, but is 
decomposed and decolorised by the weakest alkalies, even by 
soap. It is soluble in oxalic acid, the ^solution being made use 
of in the preparation of blue inks, in place of one of soluble 
Prussian blue. 

Brunswick blue i# a mixture of barytes and Brussian blue> 


the barytes being mixed with the ferrous sulphate solution 
before adding the ferrbeyajude and oxidising, a thorough 
mixing of both pigments being thus Secured. Ultramarine 
and oflier pigments ai^ sometimes added to it. A sample 
examined by Hurst consisted chiefly o^ barytes, with about 
7 |)er cent, of Prussij^n blue and 5 per cent, of ultramarine. 

Smalt. — This })igment is now less used^han formerly, as it has 
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V)een largely replaced by ultramarine. 1 1 consists ul a pelasii glass 
containing cobalt oxide instead ol' lime. It.s eompo.-itmn is i rpie- 
seuted by the following analysis : — 



Per cent. 

*8ilica, 

70 Sd 

Potash (and soila). 

‘21-41 

Cohalt oxide 

« 4!) 

Alumina, iron, oxide, kc., . 

1 -‘24 


100-00 


Smalts much richer in cobalt (up to 16 }»er cent.) arc also pn'pand. 

The raw mat<‘rials consist of cobalt oxiile, quartz and pot.aHsium 
carbonate. The first of these is obtained by roasting cobalt ores 
(see Cobalt, Vol. T.) to oxide (the crude oxide being tt-rined 
z^re), and is then mixed with a (|uantity of quartz, wliicli is 
varied according to tln^ required dilution of colour. To this 
mixture about oiie-tliird ot it.s eight of potassium carbonate 
is added, together with an oxidant (usually white ars-mic), 
to convert ferrous oxulo into ferric oxidi*. The mixture is 
then charged into fireclay crucibles, and heat<Hl to its fusing 
point, in a furnace rcsiunbliiig a glass furnace (Vol. II., j). lf>0* 
WIk'Ti the ma.ss is fuse d, a “ .sixu'sr* ” or rt'guhis (consisting of iron 
and nickel sulphides and arsenides that have not been oxidised 
by the j>reliiniuaiy roasting, \vlii<’h is purposely liniii/cd, in older 
that .sufliciont arsmiic and sulphur may remain for the lormation 
of this speise) falls to the i.ottom of the cruci))l(‘. Wlien this 
separation is complete the glass is ladled out and the sjxssc: mn 
oir through holes in the, lK)t'tt)m of the crucible, which are pluggial 
during the fusion. The fuscal glass or smalt is thrown into coh 
water, and th(‘ resulting, roughly granidated mass is ground and 

levigated. Smalt is a very permanent ]*igment. 

Artist’s “Cobalt Blue” generally consists of cobalt oxide and 
alumina, and frequently contains cob.dt phosphate. It is imule 
by precipitatiiig a mixture of alum and cobalt nitrate with 
sodii/tn carbonate, and heatingjbc precipitate to redness. An 
alternative plan consists in igniting cobalt phosplTate with 
alumina. 

There is a variety of blue i)ignieiits eonsisting ot copper car- 
bonate or hydroxide, orlioth Bremen blue and blue verditer. 
A copTier-lime glt^s was anciently used, notably by the Egyptians, 
as a blue pi^^ment. A sampio analysed ^y Fompie contained 
64 per cent. SiO.,, 14 per cent. OaO, 21 per cent. OuO, and a 
little ferric oxide. . • 

3. GREkN pigments.— Brunswick Groen.— liio green 
pigment? of chief commercial irnportaiice is that prej^red by 
mixing a vellow pigpnent, lead chromate with Prussian 
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blue (v.8.). This colour is “ let down ” by such diluents as 
barium sulphate, calcium sulphate, calcium carbonate, lead sul- 
phate and white lead. The pigments may be incorporated dry, 
or i)recipitated together, in which case solutions of lead acetate, 
ferrous sulphate, potassium ferrocyanide and potassiurp bichro- 
mate are mixed, and the diluent — e.y., barium sulphate — added, 
the mass being more evtmly commingled than that pn^pared by 
the dry method. “Brunswick green” is the name most commonly 
applied to these pigments, although genuine Brunswick green 
(now practically obsolete) is an oxychloride of copper. The 
following analyses, by Hurst, show tin; composition of pigments 
of this class : — 


' ■ I'aJf. 

1 i 

Deep. 


P<;r cent. 

Per cent. 

Water, 

1-OOU 

1 -ooo 

lianiim sulphate, . 

72-74-1 

72-704 

Calcimn sulphate, . 

2-341 

Trace 

Prussian blue, .... 

0*'I20 

4-543 

Lc;ul ehromate, 

]4-2t)(J 

17-000 

Lead sulphate, 

.S-073 

3 2cS0 


99 -,303 

i 

99-247 


Those greens urt^ used as common green paints, hut as tliey con- 
tain lead they darken in air containing sulphuretted hy<lrogen. 

Chromium Greens. — Chromic oxide is tho basis of several 
green pigments. Thus, chrome green consists essentially of 
0^2(13, and is prepared by igniting mercurous chromate, am- 
monium chromate or a mixture of potassium chromate or 
bichromate and ammonium chloride, or one of potassium bi- 
chromate and sulphur. In the two latter cases the pigment 
has to be freed from soluble salts by washing. Hydrated 
chromic oxide is now generally prepared in the form known 
as Guignet’s green. By Uuignet’s process, one part of potassium 
bichromate is mixed with three* parts oil boric acid, and heated 
to dull redness in a muffle. Chromium borate, Cr2(B^O-.)3, is 
formed, and on treatment of the mass with water is split up 
into hydrated cliromic oxide, Cr20(011f4, and boric acid. The 
temperature at which the ignition is eHected lies between 500° 
and 700° C. = 932° to 1,292° F. Guiguot’s green, is very per- 
manent and is free from the hygienic disadvantages of arsenic 
greens, but is costly to prepare. Several other green pigments 
containing chromium — e.g.y theue prepared by boilifig an alkali 
])hosphate with potassium bichromate and a reducing ag^nt such 
as invert sugar, consisting mainly of chromium phosphate — are 
also manufactured. • 

Greens containing Copper. — ^The copper greens having the 
best colour are those which c/)ntain arjfenic, viz. : — Scheele’s 
green and emerald or Schweinfijrth gieen. The former is an acid 
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cupric arsenitft, CuHAsOg, and is made by dissolving arsenions 
oxide (As^Og) in a solution of potassium carbonate and pouring 
the solution into one of copper sulphate. The precipitate is of 
bright grten colour, but is very objectionable on account of its 
tendency to form dust in the air, such dust being liighly 
toxic. The latter (emerald green) is an aceto-arsenite of copp(T, 
Cu(02n302)2 + (hi3As20g, aiul is generally prepared from verdi- 
gris, which is a basic acetate of copper (v.i)^ by boiling it with 
arsenious oxide. An alternative plan consists in mixing solu- 
tions of copper sulphate and sodium arsenitc, and tn'ating the 
precipitate of cu})ric arsenite with acetic acid. The pigment is 
permanent but }>oisonous. 

Verdigris is a basic acetate of copper, Cu(C.,II.50.,)._, t- (Jii{()Jl >2 
+ HoO, and is prepared l)y the corrosion of copper plates, by 
in^ns of the act'tic acid pnxsent in wine residues tliat havc^ heeu 
allowt'd to aetdifv. Anotber process consists in laying plains 
of copper between sacking, saturated with pyroligneous io id 
(see Distillation, of \\ ooti, Vol. ll., p. lU3). T}n‘se layers are 
packed in casks, the sacking being periodically witlidrawn and 
again saturated wdtli tbe; mnd. VVIkmi the copjxtr plates liavi* 
become coated with \'er(ligris tln^v are scraped and replaced. 
A crystalliiK' variety of the pigment, obtained by dissolving 
copper oxide in pyroligneous acid, or by pmeipitating <'o|.f)er 
sulphate, with calcium acetate, and evaporating the solution 
obtained in either cas(5 to the crystallising point, is known tis 
“ distilled verdigris.” 

Green basic copper carbonates — green malacliite, 
CuC03.Cu(0H)o — are prepared by the Icvigalion of the. natural 
mineral, or by precipitating a solution of copper sulj»hate with 
.sodium carbonate. In the latter form, tlie pigment is sometimes 
called “green verditer.” 

Terre verte is a. native mixture of silicates, ferrous silicate 
predominating. A sample from Gyprus was analyscid by 
Klap^jth, and had the following composition : — 

% 

Silica, .... 

Ferrous oxid«!, 

Fotash, 

Magiie.^ia, . *. 

Water 

• 

% 

Binmanii^ green is prepared, by igniting either zinc oxide 
which has been saturated with the solution of a cobalt salt, or a 
mixture 'of the b’oxidcs < f inc and cobalt. It is»a good 
permanent Digmont, Ifut is costdy to man.ifactur^ 

4. YELLOW PIGMENTS. -Chrome Yellow.- The most 
important yellow pigment is chrorn^ ye!low (lead chromate), 
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wJjich varies in shad.; according to its degree of basicity, n.'utral 
leiMl cliroiiiate (PbCrO^), lacing a nonn.il vellow, wliile the 
various basic load cinoinatcs rang.* from yellow to red, tlirough 
orange. Y.rllowa winch an; paler than load chromaL.van; made 
by “letting down” the neutral salt with a diluent, such as lead 
sulphate or barium suljihale. Clirome y(‘llow is propar(‘d by 
jirocijiilation, solutions of potassium bicliromaie and l(‘ad acetate 
or nitrate b.dng mixed in the proportions r.‘pr(,scnted by the 
eiiiiatioii (in the case of nit rat.')— 

‘JPb(N().,U + K,,(>,()r + H.,() 2PhCr()4 4 SKNO.t H- 2HN()s. 

An alternative m.'thod consists in dig.'sting h'ad sulphate— 
Avlnch IS a bye-product in calico-jirinting from making alumi- 
nium ac(;bite liy the interaction of load acotai.* with aluminium 
.sujiiliat:.;- with potassium bichromate, the lead cliromat.; formed 
being in this instance mixed with load sulphati;. Tlio sa'mo 
mixture is pr.'par.'d ac.;ording to the r.'action reprosciit.-.l bv 
tin; .‘(luafion giv.m above, with th.* diflbren.-e that s.alium siii- 
phate replaces a part, of the potassium biclirornat.;, the shad.' 
obtained d(;pen.ling upon^ the proportion of suliihato used. 
-Many other r.-cipes involving the .same principles are adopted 
in the nianutucture of chrom.* vt'llow. 

I he oiung.; and rod shades of loud cliromat.- are made by 
digesting tin; neutral salt with caustic soda or milk of lime. 

1 hesc bases being more powerful than lead oxide, remove a 
portion ot the chromic acid as sodium or calcium chromate, the 
resulting colour depending upon the proportion of base used and 
upon the conditions of digestion. The following equation shows 
the formation of the red basic chromate, which, when associated 
with unaltered yellow neutral chromate, gives various shades of 
orange : — 

2PbCr04 + Ca(OH),, = PbCr04.Pb{0H)2 + CaCr04. 

Chrome yellows are sold under various trade names,’ the paler 
yellows— “lemon yellow”— being termed “pure,” whfn the 
ililuent used is lead sulphate instead of barium sulphate. 
Chrome yellow, as found in commerce, is but rarely pure 
diromate of lead, often containing up to 40 per cent, of diluents. 
The cJirome yellows cover well, but darkened by air con- 
taining sulphuretted hydrogen. 

Zinc ohromate apd barium chromate are also#ised as yellow 
pigments to a limited extent. 

Cadmium yellow i% ,CdS, which exists in two shades, the 
yellow sulphide being precipitated wheij sulphureilted hydrogen 
IS passgd through a neutral or slightly acid solution of aiCadmium 
salt, and the orange being formed when the solution is strongly 
acid. Naturally it is unaffected by sulpiiuretted liydrogen, in 
this respect being preferable to chrome yellow. 

King’s yellow is AS2S3, acid occurs *naturally as orpiment, 
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but is more frequently art i tidal ly pre|>are(l by preoipitatiiii; a 
solution of white arsenic in hyilrochlorie acid with snljiluirelted 
hydrogen, or by subliming a mixture of sulphur and white 
arsenic. , 

Another sulphide of arsenic - realgiu*, us<-d as a jug- 

ment, is red, and occurs native, though it is also pn‘]>an*(l by 
heating wdiite ar.senic with a limited siijijdy of sulpliur, or with 
a mixture of charcoal and sulphur, the sulphidi- subliming. 

Turner’s or Cassel yellow is an oxychloride of hud 
{3PbO.PbC1.2), P*‘t!pared in a mann(‘r similar to that used in 
the first stage of the inaimfactnn- of whiit* h-ad hy .Milmu-'s 
process (p. 372), the ju'odiict, hydratt'd h ad oxychloridt', being 
fused ; the .shade deptmds ujuui tht^ duration of (lie luMiting. 

Naples yellow i.s lead antimoniate, ami is made hy healing 
a impound of antimony — e.r/., tartar emetic -with h ad oxide. 

Cobalt yellow i.s the tloulde nitrite of poiassinjn 

and cobalt, pn'pared by adtling a .solution of potassium nitrile 
to one of cobalt acetate. 

Yellow' ochre will be d<‘alt with under Jivowa r'upurulit 
5. RED PIGMENTS. - Rod Load (Mimum). ’i'id.s oxidi^ 
of lead is an oxidation product <»f litharge (I'bO), and may b(‘ 
regarded as an association of I*b() and PbO... The composition 
of commercial red ^ 'ad d ‘es not. corrospoiul witli the formula 
Pi'^O^ — PbO.PbOo — which is usually (pioted, hut with that of 
an oxide containing more lead monoxidt^ — «.//., 3i*bO. PbU.^. J l is 
extensively made, not only for use jis a jugmont, but a.s a cheap 
oxidant for glass making and other purpos<‘3. It is produced 
by roasting lead oxide, which must be specially prejiared for the 
]>urpose by oxidising metallic lead in a reverberatory furnace to 
a temperature just above the melting point of lejid, 337)' C. 
- 635° F., but too low to fuse the resulting le;id oxide, the 
yellow form of lead oxide (massicot) being thus produced. 'J'he 
massicot i.s raked or rahhuni off the lea<i as it is formed, and is 
then ground and levigated to eliminate metallic lead, which it 
alwa}^ contains. The ^irified ^nassicot is heated in, a muflle 
at a low rial heat until a cooled sample is found to Jiave acquired 
the right hue. This colouration is caused by absorption of 
oxygen. , 

Reil lead has good covering power, but shares the objections 
to lead pigments 4trhich have been already mentioned. Paris red, 
or orange red,*is made by cautiously heating white lead. 

Vermilion. — This subst'ime is mercuric sulphide (MgS), 
which occuu? in two moddicattvn.s, •the black and tlie red. 
The prepiiiation of n.d mercuric sulphide can be effected by 
both dry and v’< i method!^. The dr^ method, which ds said 
to produce ^he bettei* quality, coqsisto in heating mercury with 
sulphur, the quantities varying according to the prescription 
employed. In the Chmese i>roces8 the first heating is conducted 
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in an iron pan, whereby u dark coloured mass results. This is 
powdered and sublimed in a pan surmounted by a receiver 
constructed of porcelain tiles. The sublimed vermilion is 
ground, and mixed with water containing a little ^lurii and 
glue. From this it settles and agglomerates, the deposit being 
cut into cakes for the market. Vrocesses similar in principle 
are practised under the names of the Dutch and Idrian pro- 
ce.sses. 

'rh(i wet method consists in heating an intimate mixture of 
300 parts of mercury and 114 of sulphur with 75 parts of 
caustic potash and 400 of water at a temperature of 50“ C. - 
122* F., for some hours, the water lost by evaporation being 
made good during tl»o earlier stages of tlie process. Towards 
the end of the operation, when the l)lack modilication of mercuric 
sulphide is changing into tln^ red variety, the mass is k«pt 
stirred. This process depends upon the fact that black HgS is 
conv<!rted into red HgS when heated with alkaline poly.sulphides 
— in this case by potassium polysulphide formed by the action 
of sulphur on caustic potash. 

Vermilion prepared by the expensive and empirical Chinese 
process is bett(;r in quality than that obtained by cheapen* and 
more rational methods. Vermilion is often adultfjrated with 
red lead, ferric oxide, brick dust and pigments coloured with 
oosin (vermilionettes— It is permanent and non-poisonous. 

its high .specific gravity (8*2) renders it liable to se])arate from 
the V(diiclo with which it is ground. 

Antimony vermilion, 2Sb.^k,.8l)oO.^, is prepared by jiouring a 
solution of aniimonious oxide in hydrochloric acid into one of cal- 
cium thiosulphate (partially oxidised alkali waste), and heating 
at a temp(‘rature of about 0. 140“ F. The red oxysul]>hide 

is precipitated, and is wasluul and dried at a low temperature. 
It is a permanent pigment of good colour, but is not largely 
used. 

Mercuric iodide, Hgl.2 (brilliant scarlet), is prepared by 
preci pitting a solution of mer(;uric chloride with one of 'potas- 
sium iodide, i^nd is of great beauty, but is very fugitive. 

6. IRON PIGMENTS. — The pigments containing ferric 
oxide as a colouring eonstituent are of^ various shades, usually 
less definite and brilliant than tliose already described, and there- 
fore less conveniently classified in the order of tludr colours. 

Red Oxide of lion. — This is the coinmonest^iron pigment 
and most closely appi*<^aches pure ferric oxide in composition. 
It is also known as roug<, and* its various shades ye known as 
Indian red, Venetian red, <kc. Certain liJbmatites of good colour 
are gr(fand and used aar a pigment, and ferric oxide ''prepared 
artificially is aj^so largely employed. Tlfe principal source of 
the artificial variety is green vitriol (copperas). When this is 
ignited, as in the manufacture of Norc^aiisen sulphuric acid 
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(Vol. II., p. 23), it loses wjiter, sulphur dioxide and sul[)l»ur 
trioxide, the re.sidue heiiijjf ferric oxide (colcotbar). It is also 
prepared from tlie sulphates of iron produced hy the oxidation 
of iron f^rites, as practised in this country whore the pignimt 
is the main product and the sulphur oxides are not condense<l. 
Ferric oxitie pigments can also be obtained by igniting the 
ochres (y.i. ) this process allowing of the obtain meiit of a more 
extensive range of shades. Hi'fusc liquors comaining iron — 
e.y., the juckling liquor from tin plate works (see Vol. 1.) — 
are precipitated by lime, and the crude oxide of iron obtaiii(‘d 
is roasted and useci as a pigment. Tlie sha<le of ferric oxide 
depends on the tiunpfT.ature of ignition, .-i purple lone jtre- 
dominating in those specimens whicli liav(‘ bet ii most strongly 
heated. Ued oxide pigimoits are extn'inely pci-nianent and an* 
lar^'cly used, chiefly for rough out-door work. Fliey are coiii- 
inoiily diluted with .such substances as barium sul])hat(‘, < aleiuiii 
sulphate and calcium carbonate, and may cont.ain fVom 50 to 1)5 
])er cent, tif ferric oxi<l<‘ ((./.’ Vol. 1.). 

Ochros and Siennas. — As found in nature these differ from 
the red o.xide [dgiiK iit^^ in that they contain hydrated IVnic 
oxide, which is nssociat(‘d with clay and .sand. In colour, ochres 
vary from yellow to biowii according io the condition ot (In^ 
ferric oxide which they (amtain. Siennas are dist inguished from 
ochres by their containing manganese dioxide, and appi'ar t,o have 
been deposited from suspension in water, for they an^ usually 
purer than ochres which may be regardial as forirnal by tlio 
decomposition of pyrite.s and other ferruginous minerals in nifo. 
It thus happens that sienmi.s can generally he used after simply 
grinding, whereas oclires najuire levigation. The bi st kinds of 
ochrii are tho.s(5 from Oxford.sliire and Derbyshire. Tlui following 
is an analysis of Oxfonl ochre : — 


Water (hygroscopic), . 


IVr <'cr)t. 
(i SO 

„ (combined), 


SIT) 

Ferric 

, 

IJSI 

Alumina, ■ ^ • 

« 

); i7 . 

Silica, 

, 

6;{ IS 

Lime, . . . 

• • 

(Mj 

* 


08 -SO 


Oclires are pifrmanent pigments; they are fr<iquentlyadulterat(?d 
with barium sulphate, calcium sulphate i^nd calciiiin carbonate. 
Natural sienna is sold und*'** liie r^me f|f “raw sienna"; for the 
production of*a reddish i)rown pigment it i.s ignited until it ha.s 
acquired 4lie righ^ shade, and then known as “burnt sienna," 
the combined water of #the hydrated ferric oxide being expelled 
by the ignition, * ^ 

The umbers form pother group fe^^ic oxide jiigroents, 
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containing more manganese than the siennas, and, like the latter, 
firv sold as raw and burnt umber. 

B. ORGANIC PIGMENTS.- -These may l)e divided into })ig' 
rneiits containing fr<‘e carbon and those owing their colour to 
cotnplex organic dyestuffs. TIkj former include : — 

Lampblack (veyeMible black ). — This is made by the checked 
combustion of oily and fatty materials, and collection of the soot 
produced. The process, a.s generally carried out, consists in 
allowing creosote oil or .similar cheap hydrocarbon to drip upon a 
hot tray, w'ben^ it burns with a very smoky flame, a slight drauglit 
carrying the smok(‘ tlirough a- number of inirrow brick pas.sages 
in which the hla(;k is depo.sited. That caught at the end of thes(i 
chambers is the finest and h<‘st as a ])igment. On account of its 
mode of preparation lampblack contains oil and tarry matter, 
hut no mineral iinjmrities or ash. It contains about 90 per 
of carbon, the balance being tarry matter. For the manufacture 
of ])rinting ink, lainyiblack is calcim‘d to remove oily matter. 
A variety of lampblack of infln’ior covering power is called 
“ Qarboii” or “ diamond” black, and is the soot colh^cted from the 
incomplete combustion of natural gas (see Pdroleum, Vol. II., 
p. 1251) by allowing the flame of tlie gas to imjiinge upon a 
revolving iron plate ; it contains 92 to 93 per cent. C, 5 to 
b per cent. 0, and 1 to 2 per cent. 11. A black of good 
quality is also obtaincMl by liie incomplete combustion of 
acetylene. 

Bono and Ivory Black. -Bone black is ])rodnced l»y the 
destructive distillation of honi'S (see Vol. Tl., p. 113). Scrap 
ivory is the raw material of genuiim ivory black. In each case 
the colouring raatt(*r i.s carbon, which is dilfused over the surface 
of calcium phosphate, that bidng present to tlie extent of about 
75 per cent, of the weight of the pigment. The jiot uK'thod 
(see Destructive (listiflation, Vol. II., p. 113) is generally used, 
as it yields a better pigment. (Common black pigments consist 
of diluent.s, such as barium sulphate, coloured with about 10 per 
c{'nt. of^carbon. j 

Other Organic Colouring Matters. — In onbr to make 
use of colouring matters which, by reason of their solu- 
bility or poor covering })ower, are in themselves inajiplicable 
as pigments, the plan of prijcijtitating them upon a mineral 
“base,” .such as barium sulphate (blanc fixe), buoliii and alumina, 
is now largely ailopted. A decoction of the dy‘'cstufl‘ is made, 
and, if the colouring matter be “acid” in character, is precijii- 
tated by the addition cf alum and stannous chloride, with or 
without sodium carbonate, in the jireseitce of the di!u<mt (“base”) 
to be «*olourcd. In thevcase of ba.sic colours, their solutions are 
precipitated bv the addition of tannic acid, and thus also colour 
the “ base.” The colouring ihatters useil for the production of 
pigment lakes ar«^ considered under the head Dyestuffs (g.v.). 



PAINTS AND VEHICLES. 


387 


The preparation of a few pigments, typical of this class, is given 
below. 

Cochineal carmine is prepared from a decoction of cochineal 
by the addition of such precipitating agents as alum, stannous 
chloride and carbonate of soda, and allowing the carmine thus 
produced to settle. The following shows the composition of 
a good sample : — 


iVr c«nt. 

Water, . . . . » . . 

Afih . . 7-24 

NilrogonouB inaiti r 20'3l 

Colouring matter (earmiuic acid), . . . 5(i'36 


Tlie ash consists chiefly of lime and alumina. 

Magenta lake is made by precipitating the basic colouring 
nfatter magenta (fuclmne) with tartar emetic and tannic acid, 
in the presenci* of barium sulphate. 

Vermilionottes are made from the acid coal-tar colour eosiri 
{q.Vs) by precipitating a solution of eosin in sodium carbonate 
with lead acetate in the })ie8enceof red lead or chromate of lead. 

Sepia. — This is a brown pigment ))reparou by drying the 
peculiar secretion of the cuttle-fish (Sepia officinalu)^ and boiling 
it with caustic alkali, whereby it is dissolved away from accom- 
panying im[)uritios. It is a feeble organic acid, and can be pre- 
cipitated from its solution in an alkali by an acid. The dried 
s<-(‘n tion contains 78 per cent, ol the pigment, which has heen 
lernuMi melanin, and some 17 percent, of calcium and magnesium 
eariionate.s. 

Indian yellow, or purree, is made from the urine of cattle 
fed on mango leaves. It u|>pears U) consist of tln^ magneKium 
salt of euxanthic acid (Oi^lIj^OijMgjbfl.X)), which is insoluble in 
water, l)ut not stable, so that the pigment is liable to rude. 

0. PAINTS AND VEHICLES.-In order to ap|)ly the pig- 
ments that ha'^e been described abovii, it is necessary that they 
should be used in a state of suspension in some liquid vehicle. 
In tffis condition they c^nstitutie paints. In those cimes where 
})aint is to be ajiplied as a preservative it is essential that the 
vehicle should be capabh; of forming a coating or varnish-like 
liliii upon the surface, iiiid thins attaching the ]>iginent firmly 
thereto. For artists’ use water is frcijuently emphiyed as a 
vehicle, as no^prit^ervative effi ct on the surfatie ]>aintcfl is desinal, 
but for industrial purposes a drying oil— i.c., one which is cap- 
able of oxidising to a hard ire-olulde film — is requisite. A paint 
is said to b| “ground in oil,” ol^imjMy “ground,” when it has 
been incorporated Witfi a drying oil to a stiff paste, and to be 
“mixed” ready I'or use who.* the g^ound product lA.s been 
diluted, tojsuch a coflsistency tha^ it flows readily from a brush, 
with a further quantity of a drying ^oil ^nd a volatile solvent, 
such as oil of turpeiftine. Foi; this reason pigments are met 
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with ill tlie market both “ground” and mixed, the former 
having to he mixi'd by the iistT. 

Tlie oil most commonly used is linseed oil, both raw aiul 
boiled (though other drying oils, such as walnut oil,, arc also 
employed), tln^ paints Indng ground in raw oil atul mixed with 
boiled oil. (For a ilescription of linseed and otlnn* drying oils 
and an explanation of the terms “raw” and “boihai,” s('e Oih^ 
Redns and VarniahAS, Vol. LL, p. 249.) 'fhe dry pigrmmt i.s 
irenerally reduced to powder by edge-runners. /\n edge-runner 
is a mill consisting of a rotating bed-plate on which bear a pair 
of vertical rollons, the pigment being ground ladAvocui the plate 
and the rollers. It. may then Ix^ levigated —that is, ini.ved with 
watm* to a cr<‘am ; tin; coar.s(; parliele.s are thus separal(;(l, tin; 
liner (lowing asvay .susjKUuhal in the water, ainl being caught in 
depositing vats. The linely-divided colour is then ground in pil 
between millstones or rollers, the quantity of oil required vary- 
ing, with the nature of the pigment, from 6 to 8 per cent, for 
white lead, 12 to 15 per cent, for ochre, and up bo 50 per cent, 
for lampblack. 

The mixing with boiled oil and oil of turpentine is effected in 
a pugmill, consisting of a vessel provided with an agitator driven 
by power. Instead of boiled linseed oil and oil of turpentine, 
more or less rosin oil and the lighter fractions of petroleum oil 
are frequently employed, the product being, however, inferior to 
paint made in a legitimate manner. 
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CHAPTER XVI. 

MANUFACTURE OF LEATHER, GLUE AND SIZE. 

I. LEATHER . — The softness and jdiancy of skin, combined 
with its considerable strength, would admirably fit it for various 
purposes were it not for the facts that it rapidly putrefies when 
in its natural moist condition, and becomes horny and brittle 
when sufficiently desiccated to be more permanent. It is 
the object of the tanner and the leather dresser to render the 
skin imputrescible, and at the same time to preserve its pliancy 
and, in some cases, its softness. Diverse processes exist for 
accomplishing this end, but all are capable of classification under 
the throe heads — (1) Tanning with infusion of bark or other 
vegetable material ; (2) tanning with mineral salts ; (3) tanning 
with oils. Combined mineral and vegetable tanning is also 
practised. The word tanning is here used as synonymous with 
curing the skin, whatever the method adopted, though in the 
trade the word is almost exclusively applied to the first class of 
processes ; skins which are treated by the processes belonging 
to the second and third classes are said to be “dressed.” 

RAW MATERIALS. — (1) Hides and Skins.— In order to 
appreciate what little is known as to the fundamental principh; 
underlying the processes of tanning and leather dressing — 
namely, the relationship between the hide or skin and the 
tanning material (see Theory of Tanning ) — some knowledge of 
the histological structure of the skin is essential. 

This structure is practically identical in all skins, the tanner's 
differentiation of hide from skin referring simply to the thick* 
nesm of the material and the kind of leather which it is to 
produce. * 

Fig. 46 represent.^ a transver.se section of piece of skin, 
cut parallel to the jdane in wliich the hair grows. It will 
be seen that there are two distinct layers in this section, 
which has beep, stained in order to render this differentia- 
tion more apparent. The darkly-shaded portion on the hair 
side is known as the epidermis, and constitutes a small frac- 
tion of the thickness of the^ skii;^;' the lighter and more 
considerabib portion lis distinguished as the corium, or true 
skin. » » I 

The epidermis is constituted of nncleal cells, the total number 
of which Ite fairly constant in tl^ adult animt/l, since the outer 
cells dry up and are <jonstantly remc^red by abrasion, their place 
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being taken by the living cells beneath ; these are nourished by 
the albuminous liquid of the coriuin, and multiply in the usual 
manner. It appears that the epidermis, b, is the parent of the 
hairs and glands. The former have their rise in an accumula- 
tion of cells, which subsequently grow.s down into the coriunj, 
forming the hair sheath, and in this tins root of the hair de- 
velops and grows into the shape of a bulb, p, as the hair puslie.s 



its way to the surface. T[ie botryoidal sebaceous glands, T, to 
be seen gathered round tne h'fiiir, discharge fat, as w lubricant, 
into the^iiair sheath, whiljst the sudoriferous or sweat glands, K, 
discharge the perspiration by ducts whicji open through tlie 
superficial epidermis. The muscles (erector muscle,* A) which 
serve to erect the hair«for protective purp9ses are situated close 
to the sebaceous glands. 
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Practically, the whole of the epicleruiis tissue is removed during 
the unhairing of the skin for tanning. 

The connective tissue, which constitutes the corium, U, consists 
of bundles of fibres, which are loosely interwoven on the llesh side 
of the akin, but are more closely matted as they near the epidermis. 
The looser portion is termed the pars reticularis, and is the 
larger part of the corium ; it is rich in fat cells, and is in great 
measure remoyed during the “ fleshing ” of the skin for tanning. 
The pars papillaris, as the portion of closer texture is called, is 
the most valuable part of the skin, its upper layer forming the 
grain of the leather. It has been stated that a membrane of 
different structure covers this pars papillaris, and separates it 
from the epidermis ; the staining of this, the hyaline layet, by 
the colouring matter of the bark, may account for the diflerence 
Afhich is to be noticed between the colour of the surface and that 
of the main portion of bark-tanned leather. 

There can be no doubt that mucli advantage will accrue when 
the microscope becomes an accessory to every tannery ; the 
information to be attained by the examination of sections of 
both successful and unsuccessful tannages, at all stages of the 
process of manufacture, will undoubtedly aid in the discovery of 
the cause of success or failure. Beyond the brief sketch of the 
structure of skin given above, it would obviouslj^ be foreign to 
the scope of this work to enter into a discussion of the tfschnique 
of microsc(jpe practice-. 

The chief proximate constituents of skin are either albuminoid 
compounds or closely allied to these ; this is necessarily tanta- 
mount to saying that little is known of the chemical constitution 
of the histological units. Tlie epidermis ti.ssue consists mainly 
of keratins, which are characterised by their high content of 
sulphur, amounting in the case of hair to approximately 5 per 
cent., otherwise their composition does not differ much from that 
of the true skin given below. The keratins are much more resist- 
ant to the attack of water than is the true skin ; when heated 
under [)ressure with wr^er they yield a turbid solutiop, which is 
precipitated by acids with evolution of sulphuretted hydrogen. 
The solution does not gelatinise on cooling. \^hen the skin is 
“limed” — that is, soaked in lime water, the less resistant, younger 
portion of the epidermis is attacked, so that the hair and super- 
ficial scales l^ecome loosened, and can be easily removed. Stronger 
alkalies and alkali sulphides apparently dissolve the hair. 

The true skin, or corium, consists, almost entirely (95 per 
cent.) of t^e compound called fjpUagcn ; this is insoluble in cold 
water, but is converged into gelatine when boiled with water, 
a change upon which tlio glue-makefs’ art depends. oThis con- 
version probably *due to the combination of the collagen with 
water; it has been well compared with the Change involved in 
the gelatinisation of Starch. Both collagen and starch are bodies 
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having a deliuite structure, which is entirely lost, without any 
apparent change in chemical composition, when they are boiled 
with water. The ultimate composition of gelatine (and of 
collagen) may be given as C = 50 per cent., H == 6 8 per cent., 
0 == 25*5 per cent., N = 17*7 per cent. Dilute mineral acids 
cause collagen to swell considerably ; more concentrated acids 
dissolve it. Prolonged contact with dilute acids converts col- 
lagen into gelatine even at the ordinary temperature. Alkalies 
dissolve collagen, but the action of lime-water in this respect is 
comparatively slow. In a bath of this alkali, the first action 
appears to consist in the dissolution of sufficient of the collagen 
to bring about the separation of the fibres of the connective 
tissue into still finer fibres. The addition of an acid to the 
solution precipitates a substance which has been termed coriin, 
though its right to be regarded as an individual is doubtful ; ic 
is soluble in a 10 per cent, solution of sodium chloride, and 
was at one time regarded as a cement substance — the ‘‘inter- 
cellular substance” — serving to keep the fibres together; in this 
sense it was said to bear the same relationship to the collagen as 
sericin bears to silk fibroin (p. 278); it is more probably only a 
decomposition product of the collagen. There are always several 
amido-acids and much ammonia to be found in lime-water which 
has been used for the unhairing of hides. 

Gelatincj will receive further notice under glue, but attention 
must here be called to two of its properties which are most 
significant for the tanner. One is that a solution of gelatine is 
precipitated by all true tannins, even when containing only 1 
part in 6,000 parts of water. Tlie other is the property which 
gelatine has of becoming insoluble when mix(^d with a solution of 
potassium bichromate and exposed to light. It is worthy of 
remark that gelatine is, rendered insoluble by a solution of form- 
aldehyde, HCIIO (sold in the form of about 40 per cent, 
solution, under the name of formaline). 

There is a certain amount of albumin, in the form of lyu^iph, 
in the corium; it is for the most* part retmovcd during the pre- 
paration of the ^kin for tanning ; what remains probably absorbs 
tannin. In addition to this there is another albuminoid sub- 
stance, constituting the elastic fibres of d:he connective tissue; 
this is termed elastin, and is characterised by its great resist- 
ance to acids and alkalies, so that it is the las^ cc^nstituent to 
disappear when the hide is treated with these agents. 

All the above constituents of the corium may be included 
under the term “true hidb suhi^tance.” Besides tljsse, water, 
fat and ash are to be found in all skins. Since, in almost every 
case, the'* skin undergoes '‘a process of unhairing, designed to 
remove the epidei’mis before tqjnning, it is* better tO| consider 
the proximate composition of the prepared pelt rather than that 
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of the raw hide. In the following table {v. Schroeder) the com- 
position of a number of prepared hides is given : — 



Water. 

Sweated ox hide, . 

7110 

Limed . 

70 41 

Calf skin, 

SO NO 

African kip, . . . 

77-45 

(kjw hide, 

80-i)H 

Sheep skin, . 

SS-59 

Goat skin. 

81 -55 





In Anhydrous Hide. 


Fat. 

Ash. 

Hide 

Buhstaiicc. 

0-128 

0-30 

99-41 

0-33 

1 .-{7 

9S .30 

1 02 

1 09 

97 -89 

1-01 1 

0-78 

9S“J1 

0-00 ' 

1-97 

i 97-37 


MO 

91 -85 

2 -58 

0-45 i 

1 

90 -07 


The content of water in the prepared hide varies, botli with 
the nature of the skin and with the pndiininary proc(\ss. Mjhiv 
skins are more spongy tlian others, and the texture of the sann^ 
skin will vary in different parts ; thus, tlie butt of an ox ludc 
will contain 7 per c(uit. less water than the belly contains. 
When the skin has been limed it has been rendered more 
spongy (“plump”) in text\ir<‘, and, therefore, retains more of 
the water which it has aUsorbed from the limes and washing j)itH, 
than does the sweated skin which lias nob plumped, 'fliat a limed 
hide should contain more ash than a sweated one is self-evident. 

J’here appeals to be a distinct difl’erence, although a slight 
one, in the ultimate composition of the true hide sulrstance of 
ditferent classes of skins, as seen from the following ligures ; — 


Class of Skin. ‘ 

C 

H 

0 

N 

s 

Ox, bast India kip, ) 
hor.|e, calf, cow, j 

50-51 

0 43 

24-98 

17-88 

0-20 

Goat, deer, roe, . 

.5^31 

a -35 

25 ()H 

17-47 

•0-21 

Sheep, 

j 

50-19 

I 0-49 

2000 

1V)5 

0 21 


The commercial classification of skin.s is into hides, kips and 
skins. •» 

Hides are froA the larger animals, the terai having reference 
to the weight and thickness of the skiij rather than to tlie 
animal from which it is derived. j?ows and horses furnish 

the most important hiuos.^ 

Skins ai’e fror* calve.s, p, goats arAl the smaller animals 
generally. * 

Kips are f?om Indian and Africad breeds of snfall cattle, and 
are intermediate in sizeiand weight beJweeh cow hides and calf 
skins. 
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Hides are tanned |)riricipally for sole, belt and harness leather 
(heavy leather). Calf skins Jire tin; J)rin(;ipiil raw material for 
the u])pers of boots (light leather) and bookldncling ; shciep skins 
furnish a variety of cheap heathers, such as imitation monjoco, 
bazils, &c., and are especially useful for oil tannag(‘s, such :is 
washleath(‘r ; goat skins are par excel lenw morocco skins and 
glove skins, although lamb skins and (lotjr skins furnish a g(n»tl 
substitute in glove making. The rarer skins, such as dog, ail i- 
gator, porpoise, Ac., do not form siaph' raw material, although 
leather made from them is fashioned into fancy goods. As might 
be expected, the heaviest hides are from the cattle of the less 
cultivat(‘d countries, since artilicial prot(‘ctiou of tlm animal 
tends to render its skin thinmn*. Tln^ Kiv(‘r I’late district is 
now tlic chief source of In^avy hides for “ butts.” Y'oung hides 
ari^ generally more flexible and of liner (ibre than old ones ; Che 
hid(!S of cows which have ealv(‘tl l)(!Com(' somewhat distemUul 
and thin. The practice of castration has considerables etfect on 
th(5 hide; thus a bull skin will ho thinner in tlie back and 
thicker in the nock and belly than an ox hide, tins castratevl 
aeiiniMl bearing a skin of more uniform thickness, and therefore 
be'tter. Hides from eliseased animals are nearly always inleTior 
and, moreov<‘r, dangerous ; in view of the frequent occurrence of 
antiirax among those who handle hides, a liberal use ol anti- 
septics, such as a solution ot carbolic acid, in the tannery store 
room is to be recommeiKled. 

Similar remarks apply to the lighter skins, the sheep most 
]:)rized for its wool not yielding the best skin. Practically 
nothing is know'ii concerning the relationship Ix'tween cattle- 
feeding and tlie quality of the hide. Th(‘ chief defects in 
hides are cuts due to careless flaying, marks caused by ad- 
hering dung, marks of the branding iron, and thin places 
(even holes) due to the warble or hot fly. Protection against 
the last-named is to be obtained by painting places inacc(!S- 
siblo to the animal with a mixture of flowers of sulphur and 
tar. - • ^ * 

Imported jaides have to be pn'served from damage by putre- 
faction during transit. A common practice is to .sprinkle salt 
on the flesh side of the “green” or nwv hide. Mere drying by 
exposure; to air will serve, but exee-ssive sun’s heat must be 
avoided, lest the skin be so altered that it gelatinise on being 
subsequently 8oak<?d in order to soften it. ‘^Drysalting” is 
safer, and consists ii^ drying the “ green-salteul” hide by ex- 
posure to air. East I«idia,i:ips are generally drysalted, and 
not unfrequently plastered with lime* to make th(;m heavier. 
“Arsftiiic kips” have ‘been cured by white arsenic* and are 
usually yellow^ being probably coloured* with turmeric (for in 
the experience of or^o of the authors they turn red* in the alka- 
line soaks) ; they take fonger to soften in the soaks than do 
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salt-cun'd kips. The use ot‘ na}>hthal(‘ne for })rev(‘ruiii" attack 
of insects when th(i skin is nearly dried, is practised. 

(‘2) Water. — Tliechanicterof liis water sup[>ly aliects the tanner 
botli generally as a manufacturer and particularly as a tanner. 
Tlie character of water from a manufacturer’.s })(dnt of view has 
been dealt with in the first section of this book ( V'ol. 1.). 

Water for the tanner should be free from suspended matter, 
for this is generally clayey material, containing sufficient iron to 
cause stains on the leather. For the same reason dissolved iron 
in the water is objectionable ; as already explained, sucli dis- 
solved iron is deposited wlicn the water is allowed to stand or if 
it is softened by Clark’s process (see Vol. I.). 

The effect of hard waters on the production of leather is 
mainly connected with the “plumping” of the hide or skin and 
the consequent firmness of the leather. During the processes 
which are adopted for preparing the heavy hide for tanning, it 
is desirable that the fibres of the corium should be swollen, or 
“plumped,” in order that a larger surface may be exposed for 
the absorption of tannin, and a firmer, more resistant leather he 
obtained than would otherwise be the case. For light skins, on 
the other hand, which are to he made into supple leather cap- 
able of being stretched, tliis plumping is less desirable. 

It is found that in distilled water the hide is not perceptibly 
swollen. Water containing carbonic acid or carbonates of lime 
and magnesia plumps the hide well, hut water containing sul- 
phate of lime or of magnesia has a still better effect. Water 
containing chlorides, however, is quite inimical to plumping. 
Thus the natun; of tlie lime and magnesia salts which cause the 
hardness must be taken into consideration. In the light leather 
industry, where plumping is not desired, a water containing 
chlorides in reasonable quantity may even be advantageous ; 
the effect of these salts in causing the slciri to “ fall ” is ])erhap3 
connected with the solubility of coriin in salim; solutions (p. 392). 

Whqfe hides are limed, in order to unhair tliem, as is gener- 
ally practised in this country, th^ plumping effect of tin# water 
used for washing and soaking is of smaller importagee, since the 
reciuisite plumping will be attained during the liming process. 
After the treatment in “the limes,” the hides must be washed 
to free them as fajr as possible from the lime which remains 
in them ; if a temporarily hard water (see Vol. I.) be used for 
this purpose, the carbon dioxide which it certains will tend to 
fix the lime in the form of ( ■irbonate, thue rendering the grain 
of the hide hfrsh, and (musing tHe roughening of the surface 
during subsequent sciiddii^g ” op(‘rations ; the staining of the 
leather in the tan pits, owing lo such local depositions of crflcium 
carbonate, i^also liable to occur. ^Tvloreover, should the*whole 
of the lime left in the hide be thus carbynatf^d, the hide will fall. 
A soft or softened watef is certaii^y desirable for this washing; 
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the application of Clark’s process (Vol. I.) is to be preferred 
to tlie crude method generally adopted — namely, the stirring 
of a few pailfuls of milk of lime into the washing pit. 

For the successful management of the “ soaks,” in which the 
hides and skins are washed and softened preparatory to unhair- 
ing, an equable temperature of the water is desirable in order 
that the process may not be at one time more rapid than at 
another, owing to the increased activity of micro-organisms 
induced by a rise of temperature. Well water, which has an 
average and constant temperature between 40“ and 50“ F. 
( = 4“ to 10“ C.), is preferable to river water, which is continually 
varying in temperature. It is necessary, also, to use with great 
caution any water which is contaminated with organic matter. 
If this be of vegetable origin it will be feebly acid, and will 
cause the hides to fall when they are washed in it after liming ; 
if the organic matter bo of animal origin the water will be far 
too good a breeding ground for jmtrefactive organisms. 

4’here is a further objection to a very hard water in a tannery, 
namely, that it liinders the proper extraction of tanning materials, 
since all the tannins give insoluble compounds with lime and 
magnesia salts. The waste of tannins thus engendered is by no 
means negligible. 

(3) Tanstuffs. — The term tanstufl' may be conveniently 
applied to any material which may be employed for converting 
skin into leather. Used in this broad sense the term includes 
(1) tanstuffs containing tannin, (2) oils, (3) mineral tanning 
materials. The special features of the oils and mineral salts 
which are used in tanning are considered in the appropriate 
s(>ctions of this work ; it is here only necessary to deal with the 
tanstulFs containing tannin. 

These materials are either parts of plants, or extracts made 
from parts of plants. They all contain one or more tannins, 
but in addition various other soluble substances which have a 
considerable influence on the tanning process. 

The Vord tannin is applied to a nuanber of chemical inaividual 
substances, composed of carbon, hydrogen and oxygen. Pending 
a more perfect means of isolating the substances, and a more 
exact knowledge of their chemical constitution than we at pre- 
sent possess, they may be distinguished b^ the names of tJio 
tanning materials of which they are the characteristic constit- 
uents ; thus, they may be spoken of as oak tannin, myrobalans 
taimin, valonia tannin and so on. Some writers refer to them 
all as tannic acids, and fiistinjuish betYeen gallotfnic acid (from 
oak galls), quercitannic acid, sumactannic acid and ,so on ; it 
Avere oetter, however, to reserve the name tannic acid for the 
typical tannin,! of which the, constitution is known,, namely, the 
p\irified tannin from oak; galls (gallotannic acid), which may be 
regarded as the typical tannin. * 

Tannic acid, occurs in the form of a 
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glucoside in gall nuts or oak galls, constituting tho tannin 
of these excrescences. There are several varieties of gall 
nuts, those which are most highly valued being the Levant 
galls, produced by the puncture of the insect Cyiiips gallae 
tinciorice, on the twigs of Querciis iii/ectoria, a small tree 
growing in Asia Minor; these contain 60 to 70 per cent, of 
tannin and 2 or 3 per cent, of gallic acid. Immature galls are 
dark coloured (black or blue galls), and contain more tannin than 
is present in those from which tlie insect has bored its way — by 
which time the gall will have become lighter in colour (white 
galls) and pierced by a hole which serves to identify the mature 
gall even though it be frau<iulently dyed. Chinese and Japanese 
galls, from Uhus semialafa and Jthus Japonica, are light(^r in 
colour than the best Levant galls and more irregulai- in shaju*. 
Thef contain 69 per cent, of tannic acid and 4 per cent, of other 
tannins. Knoppern or acom galls, from Quercus pe(l}inrulata, 
contain 40 to 50 per cent, of tannin. Bassorah galls, rove, an(l 
the galls from the English oak (Qucrcm robur) contain 20 to 30 
per cent, of tannin. 

The tannin of galls is extracted on a large scale, cliielly lor 
use as a mordant, by crushing the galls, and systematically 
extracting them with water at 40 to 60“ 0. ( - 104 to 140' 
until a concentrated liquor is obtained; this is allowed to settle, 
filtered and agitated with one-quarter of its volume of commercial 
ether (containing alcohol). VVhen complete separation into two 
layers has occurred, the ethereal solution of the resins, colouring 
matters, gallic acid, and fat is drawn oli' for the r(‘cov(‘ry of tho 
ether, whilst the aqueous layer, containing the tannin, is distilled 
to a .syrup and then spread upon tin plates, which are heated by 
steam until the tannin swells up and becomes perlectly diy. 
If “crystal tannin” is to be manufactured, tlio syrup is run 
througli a colander on to a revolving hot copper cylinder, whereby 
it is dried in tlie form of strings, and has a cry.stalline appearance 
when broken up. The extraction of tannin from galls is some- 
times Effected by dilute alcohol g,lono, or by water aloije, the 
products being distinguislied as alcohol tannin and water tannin; 
they are more impure than ether tannin. 

Commercial tannic acid Jthus prepaied, contains from 70 to 90 
per cent, of gallotannic acid, the remainder consisting for the 
most part of glucoee and water, and also, usually, some gallic 
acid. The glut;ose is present as still uncieconi posed tannin, 
most of tlie tannin having broken up during tlie extraction. 
Tannic acid is amorphous, .xnd g^pesraj^y of a brownish tint ; 
it has an astRngent taiAe, and ^ould dissolve completelr in 
six parts T)f cel l water, ard ^n alcohol.- When hydroly^d by 
being heated with acid ior alkali, it yields gallic acid (trihy^roxy- 
benzoic acidj! — • ^ 

CmHjoO# 4- HaO = 2C6H,{ClH)8dOOH. 
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GralUc acid is prepared in this manner for the manufacture 
of some dy(‘S (see Gallocyanin) and of pyrogallic acid (pyrogallol, 
C^H3(0H)3 — a photographic developer) into wliich it is con- 
verted l>y «;liraination of CO,^, effected hy heating under pressure 
with \vat(^r. 

Win'll tannic acid is heated it yitddsa sublimate of pyrogallol. 
An aqueous solution gives a blue-black colour or precipitate with 
ammonium ferric sulphat(', according to the strength of the solu- 
tion. A tannic acid solution gives a pri'cipitate in a solution of 
gelatine. When a ])iece of raw hide is immersed in the solution 
of tannic acid, tlie whole of this is absorbed, the hide becoming 
conv(^rtod into a poor iorm of leather.'*’ 

The above properties of tannic acid are typical of all the 
tannins, the last two being niosi significant from the tannm-’s 
yioiiit of view. t 

All tannins do not, how'over, yield pyrogallol when heated, nor 
a blue colour witli ferric alum ; in fact, in Him of a Ix'ttcr 
<:la'<sitl(;ation, it, lias Ix'come customary to dividi* the tannins 
under two heads: — (J) Thosii which yield pyrogallol when 
licaicd, and are therefore relabel to gallic acid: (2) those 
which yield pyr<»tvit('chol, (\. 1 14(011)2, when heated, and are 
therefore; r(;lated to prot<K*at('chuio acid, (bll.j(01 1 )2.(/t)()l I. Tt 
is also generally inn* that the tannins of the first of tlu'se 
classes (pyrogallol tannins) give' a blue e-olour with fi'rric alum, 
whilst those eif the' secemd class (pyrocatecliol tannins) yield a 
gree'ii coleuir wdth the same reagent, b’rom tlie; irivi'sligatioris 
of Trimble the furthe'r distincrions tiiay be elrawn that ( 1 ) the 
pyrogallol tannin.s cemtain, on the' ave*ragi;. /)2 pen* ea nt. of carbon 
and .‘1 jiercent. of hydrogen, and give tio ])r<'cipitate with bromine 
WiUiir; and (2) the' pyreicatearhol tannins ce>nlain, on tli(' average', 
()0 ])cr cent, of carbon and f) p(‘,r ce*nt. of hydroge'n, and give; a 
yellow pre.'eipLlate with bromine' wateir. 

A ])ractical distinction, km^wii to the tanner, between the; two 
classes of tannins, is that tlie tansiulfs eionlaining the pyreigallol 
tannijis yie;ld a “bloonr’ op the leather, which is a« whitish 
deposit of the* so-ealle^d edlagic aoi(l| ; whilst the iaii- 

stulfs e'ontaming the pyrocatecliol tannins deposit a red colouring 
matter 111 anei 011 the leather; thi^ consists chemically of the 

* Wagnorcl'is.'^ificd tariniiiH into pathological an;l physiological tannins. 
'I'ho former e:lasa iuclueles all tannins which arc the revdt of morbid meta- 
bolic changes in thc*i)lant — e.7., the tannin pioeluccd in the formation of 
nut galls, which result from injury to the plant. The physiological tannins 
are normal products of tim metabolism of the plant, such as the tannin of 
oak bark. Since a marketable Wather canwt be piodudftd from the use of 
galls by themselves as a tanning material, it was formerly held that the 
yihysftdogical tannins could alone tau hide. Tt is now agreed, however, 
that this incajiacity on the part of galls is due to the absence of other 
soluble constituents wdiich occur'in oak Iwirk, and not to au}'*.ipecific property 
of oak tannin not post^ssed^by gall tanniit. 
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substancps known as phlobaphenes (oak reds), the constitution 
of which not understood. Botli ellagic acid and phlobapliencs 
can be obtained by heating the rc^spective tannins with dilute 
acids, and they appear to partake of the character of anhydriih^s. 

The tanner is only concerned with those const itinuits of lh(‘ 
tanstuff which are soluble in water; these arc v(^rv numerous, 
but may be classitied as tannins, sugars, starch, gums, resins and 
a small quantity of soluble mineral matter. 'PIk' tannins are, 
of course, the most important constituents of the material, hut 
it has recently been shown that the otht^r constituents, or at all 
events the sugars and starch, are by no means valueh'ss itt the 
tanning process. In the analysis of tanning materiahs it is not 
yiossible to differentiate ont; tannin from another : conscqm'iit ly 
tlie same material may, and probably does, contain more than 
onct tannin, although in most either the pyrogallol or i>yro- 
catechol tannins largely preponderate. 

The commoner tanstuffs may here he mentioned. 

Oak Bark. — In Europe the bark of Qnrrrus rohur^ the common 
English oak, is most highly esteemed ; the Q. (rtris of 'Turkey 
and the chestnut oak {Q. caalanra) of America are also prized 
for their bark. The bark is collected before it becomtis corky, 
which generally happens soon after the tree luis rcMiclu'd tle^ 
age of 15 years; M.ay and June are said to be the b(!st ntonllts 
for collection. The percentage of tannin in the dry hark varif^s 
from 10 to 16, decreasing with the age of the hark, and la'ing 
higher in those trees which are grown on poor di-y s<»il th.an in 
those grown in a damp and fertile country. This low content 
of tannin makes oak hark a very .slow tanning joaKo-ial when it 
is used in the customary manm'r ; the leatln-r produced, how- 
ever, is of the highest quality, tliough not of the greatest wciight. 
The tannins of oak bark yield both blooms an«l reds. 

Myrobalans. — This material is the fruit of TannimiHa ch^huhi^ 
and is im])orted eliietly from India. The betUir, light coloured 
fruit consists of about 67 f)er cent, of rind and .‘bS per e(‘nt. of 
stone ♦ the rind contains some 42^per cent, of tannin, wiylst, th(* 
stone contains 2-5 per cenf , the average for the wliole fruit Ixung 
about 30 per cent, (on the air-dried material, (xuitfiiniiig 13 per 
cent, of moisture). It is rjot profitable to separate tlui stones, al- 
though they are hard to grind ; the whole fruit may ho prolital)l\ 
extracted by boiling water. The tannins in inyrobalaris appear 
to consist almost entirely of pyrogallol tannins, gallolannic acid 
being present ; consequently the mateiial blooms well. It gives 
a greenish-yellow colour to the leather a porous tannage, so 
that it is not^used aloii^, but may he adva*itag(‘Ously employed 
with materials, . ^ch ns hemf ck, which'- yield a dark colour; it 
is much used with oak«hark, and valonia. « 

Valonia, imported into this cotintry, consists of tin* cups of 
the acorns from Quercus wyylops, whitih glows in the Li'vant. 
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The cups aie covered with a “beard” (trillo) which is much 
richer in tannin than is the cup itself, and frequently becomes 
separated durin" the handlini; of the sample. The acorns are 
comparatively poor in tannin, and are not usually mixed with 
the valonia. Air-dried valonia (14*5 per cent, moisture) will 
contain about 30 per cent, of tannin ; the beard contains about 
45 per cent., the cups about 24 per cent., and the acorns about 
15 per cent. Valonia contains both pyrogallol and pyrocatechol 
tannins, yields more bloom than does oak bark and gives a 
darker and heavier but harder leather ; it is generally used 
with oak bark. 

Sumach consists of the ground leaves of Rhus coriaria and is 
imported from the south of Europe. It contains when air dried 
(12 per cent, moisture) from 16 to 30 per cent, of tannin, which 
is almost entirely gallotannic acid. Sumach is unsuited^ for 
heavy leather tanning, but may be used with other materials 
as a corrective of colour; its chief application is for tanning 
shet'p and goat skins. 

Gamhier or Terra Japonica is an extract prepared from the 
leaves and young shoots of Uncaria gamhier, and is imported 
chiefly from Singa])ore. It is very similar to CUtch or catechu. 
an extract from Acacia catechu, which, however, is used mainly by 
the dyer (p. 347). Gambier occurs in the market both as “block 
gambier” and “cube gambier”; the latter is the better. The 
one-inch cubes contain about 40 per cent, of tannin, and should 
show crystals of pyrocatechol when broken. Gambier tans very 
rapidly, but produces a very spongy leather ; in conjunction 
with other materials it furnishes a good kip tannage. 

Divi-divi is the seed pods of Geesahpinia coriaria. When air 
dried (13-5 per cent, of moisture) it contains 30 to 50 per cent, 
of tannin. It would be one of the best heavy-leather tanning 
agents, were it not liable to fermentation and consequent 
damage of the goods. 

Hemlock hark is from Abies canadensis and is the principal 
tanning material of the Unitj^d Sta^.s, where the tree IS indi- 
genous. It comes into this country chiefly as an extract. The 
air-dried barfe (14‘5 per cent, moisture) contains about 12 per 
cent, of tannin, of which about half is aoluble in cold water. The 
tannin gives a very large proportion of “reds” so that the 
leather is heavy, but of too red a colour to sifit tjie trade in this 
country. < 

Mimosa, or wattle ^ark, is from various Mimosece, or acacias, 
indigenous in Australia whpfe the bark is the staple tanning 
material. The air-dried bark (14*5 pe^^cent. raoi^ur^ contains 
20 to < 0 per cent, pyrcfbatechol tannins ; it yields a heavy and 
firm, bir.t dark leather. In small proportion, however, it corrects 
the colour giveh by valonia. *’ ^ 

Quebracho is froin se/eral hardwood* South American trees- 
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Tu its air-dry condition (14‘d per cent, moisture) it yields 1.') lo 
25 per cent, of tannins, whicli have a bright rea colour, li, is 
chiclly used for making extracts. 

Algarobilla consists of the fruit of fUnsalpmia hrrrii'i.H.i, ujid 
contains, when air-dried (13*5 per cent, moisture), up to 52 per 
cent, of tannins, resembling those of myrobalans. 

Canaigre may be mentioned as a new tansiutf, from tin* iiitrn 
duetion of which mucli lias been promised. It is the ‘‘rool ” 
of lltnmx Injmmosrpahim, a wild plant of New j\l<‘xico and 
A rizona, and contains about 15 per cent, of mosturo and ‘20 t o 
40 per cent, of tannins, which impart a bright yellowish-orajigo 
colour to (lie leather, and lielong to the pyroeateehol class. (t*in- 
aigrc is said to form a soft, strong leather, and to ho valuahh' as 
a corrective of colour when us(k 1 in conjunction with oiln'r 
mag^nials. It may replace gamhier. 

'J’Ik; organic substaaices whiidi can be e.xtracted from a tan- 
itulfby water, are convouiently elassilied into tannins and non- 
tannins. Tlie proportion of <Mtln'r, and of each to tlie oth(;r, 
which is extracted, depends on tlni duration, and, to some extent, 
on the method of extraction. Thus, it lias been shown that 
iK'arly all the tannins can bo extracted by a few hours’ digestion 
with water, and ilial a prolonged treatmmit (h'teriorab'S the 
liquor by rendering more of the uon-taiinins soluble than would 
otln'rwiso be attacked; it lias also been shown that the ])r()por- 
tion of watc'r used has hut little (dl’ect on the proportion of non- 
tannins extracted, a fact which indicates that prolong<‘<l dig(^slion 
brings about the hydrolysis and, pari patiHii, the dissolution of 
matters which would otherwise remain undissolved. It must bo 
remarked, however, that a certain proportion of non-tannin is 
desirable, indeed essential, in a tan liquor, if good leatlier is to 
be jiroduced. Tl\e reason of this appears to be, that the pre- 
sence of organic acids in the tanpit is conducive to the formation 
of a full and solid leather, and tliat such acids, generally lactic 
and acetic, are generated by the fermentation of sugars, or allied 
compounds, in the liquors. If this favourable influence qf acids 
be admitted, the percenta^^ of siurstanoes in the tanstufi which 
are convertible into ncids must he of imj)ortatK>f. The table 
on p. 102 shows the av(‘»age. ratio of acid-yielding substances 
(qpmpounds capable of reducing Fehling .solution*) to tannin, 
present in the matr*rials (quoted in tlie above list. 

It .seems tliat-' those tanstufl’s which serve jfor the production 
of full leather contain the highest ratio of acid-yielding sub- 
stances to 100 of tannin. * 

It is str.t( d liy Villon ^at for tlfe production of a good yield 
of soft heawy lent^’or the hide •should abs^/b from the liquoj both 
tannin and non-tannin,, and that that leather is the best^which 
absorbs non-iannin and tannin m ^he ratio of 15 - 20 : 100, a 
* Ati alkalijjo f^olution of cupfic taHrate. 
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result most easily ofiected when this ratio between these sub- 
stances also obtains in the tannin^^ liquor. Tlie same cliemist 
draws a distinction between assimilable non-tannins and those 
whicli are not assimilable, but reainoid in character ; the smaller 
tlie pro})ortion of the latt(T the better, and the iiderior quality 
of many extracts is referable to the fact that this proportion 
is increased by the action of hot waUjr, and by subse(juent 
evajioration. 


Oak bark (young), 
Myrobalans, 
Valonia, . 
^Sumach, . 
Oainbier, . 
Divi-divi, . 
Hemlock bark, . 
Mimosa bark, . 
Quebracho wood, 
Algarobilla, 
Caiiaigre, . 


Ill Air <lri( 'i Miiti ri!i!. 


' Mean emitcia 
' of Tannin. 


Per cent. 
10-10 
30-00 
28-80 
28-00 
47-18 
41-50 
12 32 
32-00 
22 00 
43-00 
. 30-00 


.Mean (■■iiilciil 
of A.;i.|. 
jicl'tiny 
Sniistanccs. i 


Per cent. 
2-(;rj 
5-30 
2-09 
4-53 
1 - S5 
8-39 
0-71 
0-91 
0-25 
8-23 
0-24 


Ratio of 
Aciil-yicliiiiiK 
SniiVl'.iiu'c 
to 100 Tannin. 


20-2 

17-8 

9-3 

10-2 

3-9 

20-2 

5-7 

2-8 

1-1 

19 - 1 

20 - 8 


The preparation of a tanning liquor is generally accomplished 
in the tan-yard; the manufacture of “extracts” at a factory 
devoted to the purpose has extended of late, but these arc used 
mainly as a supplement to the liquor made in the yard. For 
the successful extraction of a tanstulf this must be finely 
shredded, and the leaching must be systematic. The ground 
material is generally extracted in sunken pits (leaches, latches, 
taps) with false bottoms, and^capablp of holding some 5b cwts., 
the fresh bark meeting the most concentrated liquor ; the water 
usually flows from the bottom of one tap to the top of the next. 
Extraction with hot water is not vei’y general, though, if it were 
more widely adopted less tannin would be burnt with the spent 
tan than is now t);ie case: it is necessary Co remark, however, 
that the temperature best suited for the material to be exhausted 
should be first ascertained, for a temperature suitable for one 
bark may cause the ctoversion of taj;inin into insoluble anhy- 
drides in another. Moreover, the observations m-ade above 
must^ be borne in mind. Gambier is best extracted cold, whilst 
for Mimosa hpt water is absolutely necessary. The following 
table, which "gives^^ th^ best temperatures for extracting the 
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various tanning materials, is compiled from Philip’s, and Parker 
and Procter’s, work on the subject 


Oak bark, 

Dogreos C. 

. SO to 90 = 

1 !«'i;riTS K. 

ITii to 194 

I'ine bark, 

. SO 

, 90 

170 . 

191 

Mimosa bark, 

. 70 

, so - . 

laS , 

176 

Vki Ionia, . 

. (K) 

, 70 

110 , 

laS 

Myrobalan, 

. ;k) 

,100 - 

191 , 

‘J1‘J 

Siunacli, . 

. aO 

, 00 : 

IL’I? , 

140 

Ouebraclio wood, . 

. M) 

, 90 r- 

170 , 

194 

t'anaigre, . 

. 40 

, aU - 

104 , 

1 ‘J'J 

Divi-divi, . 

. r>o 

, 00 :• 

1-J J , 

140 

Algarobilla, 

- 

, ;50 

t;s , 

S6 

t'ambier, . 

. so 

. 90 

176 , 

191 


^[)ent tan is generally used for stenm raising in the tannery. 
For firing ordinary boilers it is i)absed between rollers to express 
most of the water, but in dee}) grates (equivalent in udion to 
jtrodiKors) it may be burnt whilst wet, with tlie aid ol a little 
coal. Treppeiirost grates (xtep grafts, Vol, l.j arv also used. 

Extracts are generally made with water near (be boiling point-; 
it is, however, desivabb'. that the temperature should be as low 
as po.ssible, compatible with com})lete exhaustion, .and ilu> ••m Iu- 
sion of air from the extractor is advisable. Sul)sr<juent eoncmi 
tration to a .syrup or solid sliould be conducted in vmajtim ]»iins 
(]). 185). Since many of the inat<‘rials wbicli are elu-ap enougli 
for the manufacture of extracts })art with a large amount of 
Colouring mutter to water, means liave beendcvis(‘d to dccolorisf' 
tiie extracts of these niaterials to render them capable of vield- 
ing a lighter coloured leather. Flie addition of a little blood, 
and then raising the temperature of the liquor, wliei-eby tariiiin 
albuminate is preci))itate<l, carrying down the eoiouring mailer, 
is practised. This method, in comnion with otlu rs, has tlie ol)- 
jection that it causes a loss of tannin. In dissolving extracts 
for use as tanning liquors, it is necessary to use watei- at 
appro jiniately the same temperature as tliat at which llie 
oi iginal extraction was eflicted. * 

The following table illustrates the coinpositio.t of Uu' eliief 
extracts in common use, but the various Inands ditfer greatly in 
cyiitent of W'ater : — 





Water. 

c 

ci 

H 

A . 

ill 


1 

= 

cr. 

1 (diestnut -^'ood luX ,. 

act, . . * 

C -73 

26-49 

»i0-43 

0-27 

2 tKS , 

, 2-0! 

Hemlock bark 


50-60 

31-00 



... 

4-42 

(Jakwood j 

J 

59-r,» 

20-52 

11-72 

i'i> 1 

o’iil* 

2-9:» 

Quebracho wood 

, (solid) 

16-72 

73-99 

6-§7 

117 i 

i 1-45 

1-04 


, (sy 1*110 

46-06 

> 

^45-90 

-• 

5-06 

• 

0-70 i 

2-2S 

0-90 
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Extracts aro not, uniVoquonily aclultcratod with molasses. In 
dealing,' witli both ihiuor and exiracU their liability to lennent- 
alioii and oxidation must bo borne in mind. 

With reLrard to the mineral salts and the oils used in tanning 
it will .sudioe to .say here that for mineral tannai'o, alum, salt, 
bichromate, copperas, chrome alum, and a few other chromium 
and iron .salts are used, whilst for oil tannage oils btdongin.: to 
the fiisii-oil group, e.sp('ciallv cod and whale oils, are appliijd. 

PREPARATORY PROCESSES.— JBefonr tin* hide or skin 
is fanned it is always .submitted to ccrtaiti prcliiniTiarv trearmenb, 
having Cor its obj(‘et the production of a pelt which shall la; clean, 
free from hair, soft and supj)l(; in the ease of skins for litriit 
h'aflier, and \\<*11 di.sKuidrd in the ea^e of hides forlu'avy leailicr. 

(1) Cleansing and Softening. Market huh'.s and skims -ihat 
is, such as hav(‘ Ix'en sold t<> (he larnuu* witlun a few hi ar.s 
of tiicir removal irom (lu‘ animal- -only rcMjuin! washing, to 
nmiove blood and dirt, heibn? liicy an* unhain'd. Siiiee no kind 
of wat('r can ho said to he Cna' from a solvent action on hide 
fibre, it is obvious flnit a prolonuaiimi of (Ik* washing will re-ult 
in lo.ss of w('i',dit lo (lie bidi*. In t he ca^e of salted goods ilie 
wasliing nui.st be m<trc (bor(»ugl), to ensure tlie n'lnoval of salt, 
for flu* j)r(isenee of this substance in (lie pelt will m»i only delay 
the unhairing pn-ei'^s and ])revi*nt- llic propi'r “ [ilum|'iiig ” <h‘ (Ini 
hide, but will give rise to the species of effloresce nc(^ known as 
“^spueing ” and to damaged grain in the finished leather. 

Inasmuch as salt has a v('ry considerable .solvent action on 
hide fibre (p. 391), that which is washed from the salted good.s 
ehoiild not be allowed to accumulate in the wa.shing pit. Actual 
soaking of the hide for tlie purpose of bringing it back to its 
natural, soft condition is only nece.ssary in the case of dried hides. 
The rapidity with which the soaks will effect this object depends 
on (1) the temperature at which the hide was dried, (2) the tem- 
perature of the soak, and (3) the age of the soak. Goods dried 
at an English summer teiiijierature will sulUcieiitly soften in a 
few days, whereas heavy ISoutili Aiiuv*;ican dried hid(*.s mSy take 
two or three-weeks. TLat the temperature of the soak should 
have an influence on the duration of the process is obvious when 
it is remembered that the softening' action is a solvent one ; 
uniformity of temperature in the soaks is much to be recoln- 
lu ended, deep well water being in this respect preferable to river 
water. The age of ’the soak and its temperature will determine 
the extent to which pjutrefaction of the dissolved hide substance 
will progress, mnd pari ^*ass^i ilie alkalinity (due tf| ammonia and 
amines) of tlie winter. It is found that soaks which are swarm- 
ing w*ith micro-organisms will .soften hides very rapidly, but tlie 
dangel’ that the micro-organisms will attack the hide substance 
too vigorously renders such putrid soaks unsafe. ^ 

The formation of thin plages in the hide— sometimes amount- 
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ing to pinholes (so-called “lime-specks”) in ilie thinner skins --- 
damage to the grain (inducing it to “frizz” or roughen), and 
stains (caused by the development of pigmentary matters i are 
frequently due to the action of micro-organisms in the soaks ; 
such injuries may to some extent be avoided, and tlio advantage 
of the rapidity induced by micro-organisms be retained, by con- 
stantly “handling” the hides — !.<?., drawing them from and re- 
placing them in the pit — and thus preventing setilcnnmt of tlie 
organisms in patches on the hides. The iuiroduction of anti- 
septics to prevent excessive putrefaction in soaks is practised ; 
that most generally used is salt, which, however, lias the 
objections already indicated. A large number of otlier anti- 
septics, such as borax and carbolic acid, are also in use to a 
limited extent. 

i'o complete the softening of dried hides they must, when 
soft enough to be bent without cracking, be submitted to the 
“ breaking action of a machine called the “stocks." This 
consists of two mallets which are alternately raised by cams 
and allowed to fall on to the bides in a wooden box. 

(2) Unhairing.— It was stated on p. 381) that the hair is an 
appendage of the epidermis; in order that it may be removed 
tlie epidermis must he thoroughly softened, whereupon it is 
possible to scrape iho hair, and with it the rest of the epidermis 
tissue, from the hide. Almost any alkaline substance will f llect 
the necessary softening, but that generally used in this country 
is lime. In America and on the Continent it is customary to 
submit the skins to a process known as sweating, which consists 
in exposing them to conditions favourable to incipient putre- 
faction, whereby the epidermis is loosened, the .action being 
aided by the alkalinity of the ammonia produced during the 
process. Other ‘depilatories largely used are the sulphides of 
sodium and calcium. Caustic alkalies and their carbonates also 
find ap])licatioii. 

Liming not only ell'ccts the loosening of the epidermis, but 
convA’ts the fat of the l^ide in^o a lime soap, which js more 
easily removed by subsequently scraping the hide, than the 
grease itself would be. At tiie same time, the sbrvent action of 
tlie lime on tlie hide provinces a separation of the fibres, which 
ftiakes the pelt thicker, and is advantageous in the manufacture 
of lieavy leatl^er, Swing to the fact tliat hide plumped in this 
manner will take up a larger percentage of^iannin, and produce 
a heavier and firmer leatiier When the^hide is seated, it has 
tx. e plumpe^jl either bv lime or ^ dilute acid (which is equally 
eirective)_ after the removal of the ha^r. For light leather 
plumping is not desirable, Siiice suppletiess is the great 
aium ; but liming is done the h ss a useful method of uiiJiairing 
light skins, ^or the sake of the removal of grease.* It is becoming 
customary now, however, to degrease Vitfi volatile solvents, in 
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some aucli continuous apparatus as is us(!d for extracting oils 
(see Vol. II., p. 24G); the perfect neutrality of the solvc'iit 
enables sucli a process to be used at almost any stage of the 
manufacture! of the leather; thus the method is being suhsii- 
tuted for the use of liydraulic pressure by which the grease was 
forme rly expressed. 

'I'he process of liming is conducted in pits, each of which is 
generally larg<! enough to hold a 50 hidt! pack. For light, skins 
about i lb. of quicklime per akin, and for licavy hides from 2 to 
4 lbs. per hide, are common ])roportioris ; but these amounts arc! 
])robably waatefully in ('xcess. Tlie lime is best slaked befon; it 
is put into th<‘ pit. A nutnbtM- of pits, commonly thr(‘(', is 
worked systematically, tin* fresh hides going into tin* m'arly 
spent limes; the process lasts from 1 to 12 day.s, and tin* hides 
are frequently handled in order that the pit may be “ plunged ” 
to agitate its contents, and bring fresh lime into contact witli 
the water (a cubic foot of water dissolves nearly ozs. of 
lime). The solvent action of the lime on the hide speedily 
causes the liquor to become sufficiently rich in organic matter 
to form a nidus for bacteria, so that old limes are apt to be 
putrid, and on that account dangerous, as liable to cause the 
leather to be thin ; much ammonia is present in old limes. 
Warming the limes to about 00“ F. = 32“ 0., is found to 
expedite greatly the unhairing process, but tlie plumping action 
of the lime is thereby mucli diminished. It is an American 
practice to use a very sharp {i.e., new) lime for three or four 
hours, and then to transfer the skins to water at about 
110“ F. = 43“ C., to complete the loosening of the hair. 

Arsenic sulphide [red or yellow arsenic; rusma\ As.^Sg, or As^S.,, 
is frequently added to tlie limes to the extent ot some 10 per 
cent, of the weight of the lime. The sulphur forms a sulphide 
(or sulpharsenite) with the lime, and this, like all soluble sul- 
phides, is a rapid depilatory ; it is claimed that the arsenious 
acid (calcium arsenite) acts specifically and as an antiseptic ; the 
improving effect of white arsenic on skin has been assert'd in 
other connections. 

Tlie use of ,:odium sulphide as a depilatory, particularly for 
light skins, is extending. It is generally employed in conjunc- 
tion witli lime ; thus, a solution containing 4 to 5 lbs. of sodium 
sulphide per gallon of water may be made into, a paste with lime 
and spread on the bair side of the skin, which may then be 
folded and left for a few hours, by which time the hair can be 
brushed off, for the action of the sulphide is much more drastic 
than that of lime. Im'inersibn in a s;)lution of the sulphide, 
containing J to 1 lb. per hide, is also practised; it is very 
difficult however, to wash out the sulphidp completely. 

Sheep skins a^e unhaired by being plastered with lime on the 
flesh side, and then placed, wool to wool, in heaps ; after a short 
time it becomes possible to pul; the wool from the skin. 
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Sweating is ell'ected by suspending the hides or skins in n 
room — the sweating pit — whicli is either underground, or coni 
pletely covered witli earth to ensure a constant temperature ot‘ 
60“ to 70“ P., = 15° to 21° C. Tl\e atmosphere in the room must 
be kept saturated with moisture, to which end steam must !>e 
admitted in winter, and in summer cold water must be sprayed 
in. In from three to seven days — tluriug which time the hid- s 
have been repeatedly reversed, in order tliat the more rapid action 
in the upper, and, therefore, wanner part of the room, may afleel. 
all parts of the hides alike — the liair will be suHiciently looscm il. 

By whatever moans the epidermis tissue, and hair hav e* bi‘. ii 
loosened, they are actually removed by scraping with a blunt 
knife. Hides for sole leather are then trimmed or “ rounded,” 
the portions which covered the belly, cheeks ami shoulder^ of 
th%animal being removed and tanned apart from the “butt,” us 
the portion which covered the back and sides of the aniiiiMl is 
called. The butt is tlio most valuable portion, since, on account 
of its greater thickness, it yields a heavier leather than doos ilie 
‘‘olfal” (bellies, cheeks and shoulders). The trimmed hid" is 
washed in water for a day, to remove the greater part of ilio 
lime which it still contains. It will bo obvious that for ^\\’\^ 
purpose water as free from chalk as possible should be us(‘d. 
Th(; butts are now niady for the tanpits, except that they some 
times receive a scraping (scudding) on th('- grain side with a 1)1 uni 
knife, to rcmiove any remaining epidermis and lime soa[)s. 

(3) Softening Processes. — For leather that is to he .soft and 
supple the plumpness produced during the liming procs'ss imiit 
be counteracted before tlie .skin is tanned ; it is customary, iljert)- 
fore, to submit all skins whicli are not destined for sole leather 
to some process capable of causing them to “fall” — that is, to 
become thoroughly soft. It was originally observed that the 
desired effect could be obtaimal by immersing the skins in some 
liquid which had become putrid, and thus the custom has arisen 
of using a liquid which is easily capable of undergoing a putre- 
factive fermentation. An infusion of dogs' dung or birds' dung 
fulfils this condition, and fias long been used under the name of 
a “bate” or “puer,” the process being termed “bating.” Siimt^ 
such an infusion is always alkaline, it is not so well fitted tor 
the removal of lime as an acid liquor would bo ; hence, for the 
lightest leathers the treatment in the bate is followed by immer- 
sion in an infu(jion of bran, which is undergoing lactic ferment- 
ation ; this process is known o-. the “bran drench.” 

The heavier of the light leather skirfS are generally bated 
with pigeons’^ung, the inath contftinin^ about I peck of dung to 
30 hides;' and the process LsXing for s^me three or four days, 
according to the prevailing temneratuie. This bate is deputed 
to be sharjier in its action than the dog-dun§^ bate, which is 
generally 'employed fojr lighter skin;., ^ith regard to the 
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rationale of the bating process, what was said concerning the 
action of bacteria in ])utrid soaks will apply; there can be little 
doubt tliat the feeding of micro-organisms on the hide Ksubstance 
produces the beneficial effect. It must be remembered, however, 
that dung will contain unorganised ferments, such as trypsin 
and ])epsin; it has been found that these will cause a skin to 
fall, even in presence of antiseptics, although the leather pro- 
duced from such skins is not so good as that from bated skins. 
The action of soluble ammonium salts — which are always prescmt 
in the bate — as solvents for lime must also be included among 
the influences of the process. Whatever the chemistry of the 
bate may be, the operation is objectionable both on account of 
its offensive character and of its uncertain action. This uncer- 
tainty is probably due to the dependence of microscopic life on 
temperature ; it is well known that in warm weather, partienlatly 
when a sudden rise of temperature occurs, as in thundery 
weather, the action of the bate will become so much enhanced 
that the skins will be s})eedily riddled with holes. Constant 
agitation of the skins in a bate, to prevent local action, is essen- 
tial ; to promote rapid action the bates are sometimes warmed 
to 30* to 40° C. = 86° to 104° F. 

Attempts have been made to substitute acids (for the most 
part feeble organic acids, such as naphtlialenesulphonic acid, 
cresotinic acid, <fcc.) for the bate ; these, however, can only act 
as lime solvents. It is claimed that glucose has been successfully 
used ; if so, its effects are probably due to the fact that the com- 
mercial article can supply nutriment for bacterial life. A bath 
of dilute mineral acid (free from iron), followed by the bran 
drench, appears to be actually in use in some tanneries as a 
substitute for bating. An artificial jmer, termed “erodin,” has 
lately been used successfully instead of dog’s dung. It consists 
of a solid nutrient medium and a pure culture of '^Bacillus 
er}dicusr For every 100 parts of wet skin 1 part of solid 
erodin is dissolved in 50 parts of water, the solution heated by 
steam \o 40° 0. (104° F.), and the pure culture added ; one 
culture is used for every 1 1 lbs. of solid erodin. The tempera- 
ture during tne puering must not be allowed to fall below 
25° C. (87° F.). 

The bran drench is intended for the completion of the soften* 
ing of such skins as have been imperfectly softened by the bate, 
and is more commomy used for the lightest skins. It consists 
of an infusion of bran in about 200 times its weight of water at 
30° to 35° C. = 86* to 9b°^.F. ^The starch of the br^j;i is speedily 
converted into glucose and dextrin by an unorganised ^ferment 
in the ^ran, and the glticose undergoes a fermentation similar 
to, but iiot identical with, the lactic ferihentatian (see Minor 
Chemical Manufactures j Vol. ll., p. 444), and resulwng in the 
production of lactic, IforiiSic, acetic andebutyric acids. It is 
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de-^irable that butyric acid fermentation should not occur since 
the solvent action of this acid on the skin is considerable. The 
gases evolved (chiefly hydrogen) (luring the fermentation serve 
to distend the skins and render their contact with the licjuid 
more ]ierfect. The following figures {J. T. Wood) show the 
quantities of acid likely to be produced, in grams per litre : — 
Formic acid, 0‘030G ; acetic acid, 0*2102 ; butyric acid, 0*0134 ; 
lactic acid, 0-7907. An artificial mixture in thesi* projiortions 
has been found successful. 

Tlie time during whicli the skins are in the drench depends 
on the amount of previous bating which they liavo received. 

One eflect ot‘ baling and drenching is the removal of lime 
absorbed by the skin in the procc'ss of unlniiring. This is more 
elfectively accomplished by using a comparatively feeble acid, 
su<h as lactic or formic acid. Tlie former is now much used in 
a 0 2 pir cent, solution; it should be free from iron, butyric 
acid and mineral acids. 

TANNING PROCESSES.— (1) Tanning with Tanstuffs.— 
Tiie varieties of vegeiubh' tanned loatlnu* arc so numerous that a 
description of the system used for each cannot he her(( given, 
the more so as the chemical ])rinciph*s iiivolvcal are the .sanui 
for many^ It will suffice to consider the systems in use for 
{a) leather for soles, \ h) leathm* for dressing, (c) leather for dyeing. 

ia) Leather for Soles.- -For tins kind of leather a proci^ss 
must be adoptcal which will produce the greatest possible 
solidity, conilhned with sulficicnb ficxibility to prevent cracking. 
To the tanner it is advantageous that the ma.ximum weight 
should ])(‘ produced, and for the purchaser also, the widght per 
unit of ai'i'a is a criterion of solidity. Hence the tannage for 
sole leather is conducted witli materials which impart t)u3 maxi- 
mum w(;iglit — by yielding certain proportions of other matters 
besides tannin to the }nd<* — and in sucli a manner that the hide 
shall be tanned througliont. Jn order to cilect this thorough 
tannage, it is essential tiiat tlm hide sliould not he immersed in 
a li{j[«or comparatively ricli in tannin, until such time j^s it has 
become already sliglitly tflftim'd. lest by tluj rapid tannage of the 
surface, the fibres should he so swcdlen that ontr^'of tannin into 
tlie inteiha* b(3 liinderet^. It may be said tliat when once a 
f)artial tanning lias occurred, tlie completion of the process will 
be the more rai)id»the richer the liquor (within limits) in tannin. 
When oak bark is the sole material emp/oyed as a source of 
tanuin, the liquors can iw\w he made strong enough by the 
method of h aching adopted (p. 402) to pi^oduce a rapid tannage. 
Consequently^, until comiparativel J' rece^fitly, when valonia, myro- 
balans, Ac., were introdacea, the tanking process was^a very 
lengthy one, lasting even as long as two years. With rggard to 
the use ofinnstufis Avhich yield liquors rich tannin, it must 
be remembered that, jnasmuch as careldks tanning with oak 
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bark could originally bo detected by the bad colour of the 
leather, the tanner is now sonn what hampered by the t:cc(*s.sity 
for producing a leather which shall have a colour approaching 
that of good oak-bark tannage. In English practice, tin; butts 
aie first suspended in pits (suspenders) containing nearly spi-nt 
liquors, which have served either in the liaiulU'rs or lay('rs 
(sec below) ; they should be agitated by some mechanical ro* h(‘r 
wldle completely immersed in the liquor. Scvc'ral siis[)endc'rs 
are generally used, and are Avorked systematically. Tin? obj(;et 
of this process is, technically, to strike; the colour of th(; leather, 
and, actually, to cfiect the partial tanning, to wliicli rehji imce has 
already been made ; th<^ attainment of this object tleiximls very 
larg«;ly on the degree of acidity which the liquors possess. Tin* 
function of tlie acid will bo understood frorti tin; following 
considerations. 

It is only possible to }>roduc(; thick leather when (In; hide fias 
been propi'rly plumjn'd— re., .so swollen that the eniranee of the 
tannin can be eUected (>asily. A hide may be (dtin r alkaii 
plumped or acid-]>lumped, the former being tin; case wln ii it 
has b(?on limed. As might bo expected, the ent ranee of (.aiiMid, 
itself an acid-likc compound, into an alkali-plumped hide is mon‘ 
rapid than into one which is acid-plumped. If there bo no acid 
in the suspender, the hide being alkali-plumped, tannage will 
take place very rapidly; but owing to the tendency of com- 
binations of lime with tannins to darken by oxidation, the 
colour of the leather produced will bo bad. If there be suliicient 
acid to neutralise the lime left in the hide, but not more than 
this, the hide will fall, and plump leather will not be produced. 
A third possibility is that there should be enough acid in the 
liquor to dissolve all the lime from the hide, and to substitute 
an acid-plumped for an alkali-plumped condition ; in this case 
the tannage will be slow — i.e., the striking of the colour will 
take long — but this colour when produced will be good. For 
the production of the best leather, then, the acidity of the 
suspender liquors must be considerable, the more so aj's the 
hide tends to fall pari passu with the-^ntrance of tannin, at all 
events during the early stages of tanning. 

The acids present in these liquors are such as result from the 
fermentation of sundry of the soluble’ bark constituents in tliq 
earlier stages of the tanning. They are, of, course, vegetable 
acids, acetic, butyrici>and lactic acids being tht chief. Their 
amount is, to a certain extent, under control, since the materials 
most liable to fermentauion (g.^., myrobalans) may be used in the 
handlers. 

In American and Geipnan practice hides for solo leather are 
sweated^, so that they have to be plumped with acid before 
tannage. Tn America, plumping with dilute vitriol is practised; 
the Germans prefer to ure a very acid liquor from the layers. 
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) It may be said that the German system of tanning is a “ sour ” 
one throughout, since even in the layers the liquor becomes 
highly acid owing to their degree of dilution and tln^ dustiness 
of the material employed. A German suspender liquor, made 
from sour bark, was found to contain, in grams per 100 c.c. ; — 
Tannin, 0'22() ; non-tannin, 0*910; total acid (as acetic acid), 
0*463; volatile acids (as acetic acid), 0*300; non-volatile acicl 
(as acetic acid), 0*163 ; specilic gravity, 1*0059 (5*9“ barkometor). 

From tlm suspenders the hides pass into the handlers ; these arc 
pits in wliich the hides are laid tlat, in a lieap, and from which 
tlioy are “ handled ” every day. The scries of handlers is work(‘d 
systematically, the fresh liquor being run into the pit which 
is to receive the most fully tanned hides. It is advantag(*ous to 
feed the hides in the handlers with rapidly tanning materials, 
si*h as gambier, hemlock ('x.tract, tfec. After al)out a month 
lias been spent in the handlers, the pack of hides is moved on to 
the lirst layer ; here it is allowed to remain in strong liquor with 
a layer of tanstulT (l>ark, myrobalaiis, valonia) between ivich 
hide, the whole being covered with bark, to excliuh* air. 'The 
time of laying away varies considerably, from oin^ to six weeks 
for each layer being quoted as usual. Tlie thickest liides require 
twelve moritlis for thorough tannage, but an average of eight lo 
ten months is now common. Owing to the fact that the strengl h 
of liquors is judged solely by an erroneous criterion, the s]>eeilie 
gravity (generally quoted in degn^es of the barkometm* - i.e., I he 
last two figurc.s of the true sjiecilic gravity, water Ix'iug taken 
as 1000*), little is yet known as to tlio jictual content of tannin 
reijuisite in the different layers. The last layer should contain 
the strongest obtainable liquor. In Gm'iuan practice a liquor 
containing more than 2 per cent, of tannin is seldom us('(]. Up 
to 6 per cent, of tannin is common in English pr.actice. 

Systems designed to hasten the tanning of sole leather hav(^ 
been from time to time brought forward. They fall under the 
following Iieads: — (1) Kt'eping the hides in continual motion in 
theitanpit; (2) circulating the tanning liquor continuously 
around the hides; (3) foAung tne liquor through the hides bv 
pressure ; (4) tanning with very strong extract^’; (5) passing a 
current of electricity thi/mgh the liquor in which the hides ar(; 
•kept in motion. Tlio last of these has alone received attention 
from experts, and*it appears to be established that by suspending 
hides on a rotating frame in a vat containing a strong (4*25 per- 
cent. tannin) mimosa and g mbior liquor, and using a current 
density of from 0*375 to 1 ampere per ^uare foot of electrode 
(tlie electforJbs being copper plittes the sides of tlie vat), at 
a voltagb varying with the strength o(t the liquor, it is possible 
to produce the same quality of leatiier in one-sixteentf of the 
time taken to produce it when* the hides ar^ at rest, and in 

* Thus, 15® barkomctgr intlicates a liqubr of Specific gravity 1 015. 
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one-fourth of tljc time taken when the hides are in motion 
but wljeri no electric current is passed, J^ack of suhstanc, 
(‘Miungry leatlu'r”) generally charaetcrises goods ])roduced ly 
such ra[)id piocess(;s. 

{h) Leather for Dressing. ■ Thi.s class h atluT is destiin.-d th* 
tljc upiiei-.s of boot.s, for saddlery, Ixdi.s, and oilier purposes wlio-e 
a sioui but Ilexibh* hsatlier is reipiinal ; it is generally curried or 
diessed, whcuiec' its name. Tin* bated hides an* freiiuenily shaved 
with a sliarp knifi' to reduce their ihickiK'SS (shaved hides); 
somotiiiuvs tlii.s process is postpomid until they liave Ixien t ,'ir- 
lially tanned, wlimi, liowever, ilui sha\ings are of no us(‘ as glue- 
pieces (s(h; (Jvluthiv, \’ol. 11,, p. 420); sometimes thick hid(‘s ar)F 3 
split:, after jiartial tanning. i>y Ji knife eonsisling of an endlesS,; 
Hte(d band which travels like a driving bidt.. and works againstii 
(‘Tilery wheels lo sharpen it. Tli(‘ tanning of dri‘ssing hides aM(l' 
of Mtist India kips is eai-ritnl onl. in a manner which is, to a 
(■('rlain e.xtc'nt, tli(‘ eonv(‘rsi‘ of ih.at em])loy(‘il for sole leather, 
since it is not (lesircsl to make a lirm lcath(‘r. d'lius, tlnWirst; 
treatment of tiie batc'd hidt'S consists in handling them or 
“tumbling” them (in I’cvolving casks) in a comparat i vedy strong 
li(luor (IcNoid of acidity, d'he object of this “ graininir ’ process 
is to tan the grain of the hide rapidly, and to (.“aus(‘ it to shrink 
into a numlK-r of wriid<l<‘s. 'flu' d(\gre(‘ of the shrinkage' will 
dcpt'iul on thestrengili of the liipior. (lambitT is fre(pieiilly th(^ 
material used for graining. '.I he (romphaion of the lanuagi' is 
(•lleeted siinihirly i<» that of .sol(‘ leatln-r, if a bark tannage is 
emj)h)yed, the liejiun* being soim'what weaker; but a much more 
rajiid tannagt; is now (daaim'd with vahinia, mimosa, iiiyrobalans 
and gambicT’, lh(‘ li<|Uors being someiimi's heated. It is eustoniiiry 
to tumble the leather in sumach as a eonelnding prota'ss. to cor- 
rect th(‘ colour. Tin: eurr\ing of tin* leath(‘r is treated ol' under 
J 'in I,sJi hitj I *rnn’,'fsi .s. 

(^•) Leather for Dyeing.- Such veg(‘t.‘iblo tainu'd h'utlier as is 
dyetl is commonly known as morocco. (icnuine morocco is 
iiiailt' mjm goat .skins, but tliere is now a large trtule in “i-(. ins” 
and “skivers.” 'rhe lormer ar(‘ sliee^ skins tanned whole, the 
latter ai(‘ tlie grain sides of sli(‘<‘p skins wliich have lieeii split 
for making wash leather and wliiie h-ather. Doth an* tanned 
with sumach wliieh l(‘avcs thorn pale enough for dyi'ing. \\ luni^ 
lived llieyare called morocco. Bazils arc dyed' with bark. (,lo it 
skims are bated, di’i iiflic'd and tanned in sumach, .at first in tubs, 
ill which they are agitated with paddles, and then in liandlors3. 
Sheej) skins for roans are sewed into the form oi bags into wliich 
the sumacli liipior i.s poured and through wliich *1 is allowed 
lo dram, the operation bi'ing repeated two or three times. 
Skiver^ire merely paddled in sumach liquor. After drying for 
the dye-house, r^ans and skiwrs are said to be in k)i( “crust” 
state. 
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(2) Tanning with Mineral Salts. — Tlie only mineral salts which 
have as yet been employed for tanning are alum, chromium salts 
and ferric salts.* It is noteworthy that thes(i salts contain very 
feebly basic oxides, of the type the deposition of these 

oxides, in the form of basic salts, within the skin seems to con- 
stitute the tannage ; the matter will receive further notice under 
Theory of Tannnyf. 

(a) Alum Tanning. — Alumf is never used alone, being always 
accompanied by salt. White leather, used for bottle coverings, 
(fee., is made by tumbling sheep skin splits {i.e., the ilesh sides) 
with a li(|uor containing about 4 per cent, of a mixture of ;iliim 
with j of its weight of salt. The leather is rung out, and 
slowly dried. Such leatlier readily becomes de-tauned in water. 
Solutions containing basic salts of aluminium, obtaiiual by dis- 
serving aluminium sulphate or alum in water and adding sodium 
carbonate gradually, are .said to give good results, but are not 
much used. Salt may also be added to these solutions. 

In the tanning of kid, wheth(‘r calf-kid or the true glovokid, 
a process is adopted whicli may be regarded as a cross between 
alum tanning and oil tanning, and has r(*ceivcd the distinctive 
name of tawing. In both cases particular care is taken to submit 
the skins to a thorough bating, drencliing and scudding, since 
supplcimss is very nee essary, and, in the case of kid and lamb 
skins for glovt^s, the limes are alway.s sharpened with arscmic, 
this being mixed with the lime before the latter has had time 
to cool after slaking. The tannage is eflected by tutnbling tlie 
skins in drums containing alum and salt, drying, and agaii\ 
tumbling in drums with a inixtun^ of oil (gencTally olive), Hour 
and egg-yolk. The last named mi.xture appears to fill the inter- 
fibrillar spaces of the skin, imparting the necessary softne.ss and 
elasticity, A finarl stretching (staking) over a blunt knife fixed 
in a post, and, when necessary, .shaving to reduce the thickness^ 
finish the skins for the dye-house, unless a second “stuffing’' 
with the egg-yolk mixture be deemed essential. 

(6^ Chrome Tanning. — Ohromc- tanned leather is used for 
glazed kid in the United Sta^bs, for glove leathers, and as a 
substitute for calf-kid and chamois leather. lis use is rapidly 
extending at present. 

, There are two kinds o^ chrome tanning, the one-bath and the 
two-bath process.* In the latter, which is the older, the skins 
(goat and shtlrep), imhaired and bated ^ usual, are first im- 
mersed ill a solution contai>:ing bichibniate of potash and 
hydrochloric acid, the chromic acid absorbed being then re- 
duced to chlomic sali^nd fixei on the fibres by passing the 
skins through a oath of so J '.urn hyposulphite (or sulpjiite), to 

* Titanium has reoenliy been paten l id as a tanning agent. • 

t For aluiA is now often substituted aluminium sulphate, which, weight 
for weight, contains considerably more alubinathan alum does. 
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which hydrochloric acid is Gradually added. 'I'lio quantity of 
cliromic acid taken up in tiie first batli d(q)ends chiefly on tho 
(quantity of hydrochloric acid present, wdiich should consecjuently 
not b(^ too ^rcat ; an excess of the hiclironiate is not injurious. 
AlitT passini; tlirongii the reducing bath, the skins are well 
washed with warm water, th(' subsequent tr(vitnicnt Ixdng the 
same as in the on<;-hath procc'ss. In the one-bath process, the 
skins are placful directly in a solution of a chromium salt, 
gt'jKU’ally clirome alum or chromic chloride;. If the latter is 
used, the addition of salt is advantageous, but tlie best results 
so far have been obtaimal by ('luploying chronu; alum, nuidered 
basic by tho addition of washing soda. A good solution is 
obtained by dissolving 10 parts of chrome alum in 80 parts of 
warm water and gradually adding to parts of washing 
soda di.s.solved in 10 parts of wat(‘r. If 3 parts of sugar *or 
gluco.se, or a small (jmintity of a neutral tartrate or acetate be 
added, the results obtained are still better. Aftt'r passing 
through suoli a solution, the skins should be allowed to lie in 
lieaps I'or one or more days, during which the tannage com- 
pb*t(?s itself, after whicli they are washed with warm water. 

The subs(*({uent stages an; tin* .stirin; for l)oth kinds of chrome 
tanning, and consist in first remo\ing pracli(.‘ally the wliole of 
the iicitl combined with tlx; cbromic salt, and then dyt ing and 
dressing the b'ather (se(* FudaliirHj .V snuill qmintity 

of .‘leid must Ix' hd’l in the leat her, as (;hromic oxide aloiu* is not 
ca])alile of tanning, and consef|uently strong alkalit's should not 
be used to removt; the acid. A w<;ak solution of borax (3 p<;r 
cent, on the wu't skins), <»r one of alkali siliciite, appears to bti 
Th(‘ best for this purpo.se. The linisliiiig is done V»y treatment 
with “ fat.-li(juor,” an emulsion of castor oil soap and ('astor or 
oliv(‘ oil ; soft and curd soaps are also often used in cnii jttnetion 
w'iih other oils, sucli as ncatsfoot, cod, or degras. The dye used 
gi'Tierally consists of an acid aniline colour, and may be api)]ied 
before or aftt'r fat-liquoring, according to circumstances, 

(c) Iron Tanning. — 'fhe u.st; qf ferric sails in conjunction with 
salt, as a, substitutt; for alum and .^alt, has frecpiently been 
suggested. '^Ilve best results art; obtained by the ust; of basic 
salts, such as ferric oxychloride, mp.de by dissolving ferric 
liydroxidc in ferric chloride The patentee of one process 
su.spends the hid(‘s from Nvood(*n fraim's and allows the ferric 
oxychloride and salt solution to ilow down each side. Iron 
tanning is not yet practised to any (;xtent. 

(d) Combined Mineral and Vegetable Tanning.— Some special 
kinds of leather, such as Dongola, are made by d combination 
of alum or chrome wMtlh vegetable tanning. According to the 
kind ot, leather to be produced, the skin is first tanned with a 
mineral or vegetable substance, or with both tog(;ther. Both 
alum and chrome salts lighten vegetable tannages considerably, 
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and produce a softer and tougher leather, whilst vegotahle 
tannins themselves are much more firmly retained. Vegetahle 
tanning agents, such as gambier and willow bark, are especially 
useful in conjunction with alum, with or without the use ot a 

lat-liquoring process. • i i • 

(3) Tanning with Oils. — This consists in impregnating the skins 
with some easily oxidisable oil (most commonly cod oil or whale 
oil) and allowing them to heat, owing to oxidation of the oil, 
in heaps. In this way the skin is converted into an exceedingly 
soft leather, which readily absorbs water, but cannot be easily 
de- tanned by any agent. Such leathers are wash leather or 
chamois leather— the applications of which are well known 
and buffs, used for soldiers’ bolting, Ac. 

For wash leather the fresh splits of .shettp skins are used. 1 liey 
aroi very thoroughly limed, (leshed, washed and bated ■with a 
bran drench. They are then submitted t . hydraulic pressure 
to remove water and grease, painted with cod oil and stocked 
(p. 404-) for two or three hours. After this iireliminary stocking, 
the skins are hung up in a warm drying room, again sprinkled 
with oil and stocked. This series ol op(M*ations is repeated five 
or six times in order to substitute completely oil ior the waUT 

in the skins. . , • . . • 

After the final stocking the leathers are thrown into Inns, 
covered with sacking and allowed to lieat, great care being 
necessary to prevent burning; during tlie heating mucli acrolein 
is evolved. Since only a portion of the oil has b(‘(‘n utilised by 
the hide, a process is necessary for removing lh(‘ remainder 
which renders the leather greasy. For thi.s ])uri>.He the leallier 
is submitted to hydraulic pressure, Avlien a considerable (juan- 
tity of semi-oxidised oil is expressed; this constitutes dfigras 
(moiillon), valued as a currying agent. ^Ib<‘ rnnaimhu'ot the oil 
is removed by a bath of alkali, which is alterwards nmitralised 
with sulphuric acid to recover th6 fatly acids ; these constiiuto 
sod-oil, wliich is also used in currying, hut is inimdor to degras 

for tllis purpose. , • 

The leathers are finallj^ stretched over a beam find scraped 
with a circular knife, having a central liole by ^fay of a handle. 
Sun bleaching, or bleaching with sulphur dioxide, and stretch- 
iirs comjdete the manufacture. Sl.ammy (chaiuois) IcatluT is 
safei to bo mi^ch Improved if frozen while moist. BuHs arc 
made in a very similar manner, from tioutl^ American calf skins, 
which have been shaved onbo h grain and flesh sides, and bated. 

It is stated above (m 389) that the colnidete desiccation of a 
skin will prlberve it'fiom putrlfaction, dthougb the product 
will not* be leather, since it will lack* pliability. Uudi dried 
skin is, however, piepared for parchment and veUu^. Jhe 
former is :iiade from the flesh splits of sheep J*ins. The skins 
are limed for two or t^ree weeks, flesiied lind split. The sphta 
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are again floslied and are then tightly stretched in frames, 
scraped and washed wiili hot water, 'riiey are next jiainted 
ov(!r with a mud of chalk, wliioh absorbs tiio remaining grease, 
again scraped and dritai. 

Jb’or vellum, Swedish calfskins are employed. They are soaked 
in jpiilrid soaks for a week, uorki-d on ilu“ la um, limed for throe 
or four (‘(‘ks, unhaired, washed and llesliod. Skins Ironi pio- 
l)ald animals will not S(‘rv(‘ for the best vellum, as they an* pan i- 
eoloured. The prepared skins are siretciied in frames and treated 
as (les(Mib(‘d for parchment. 

FINISHING PROCESSES.— -No leather is fit for the 
marlcft in the comii'.ion in whi(di it leaves the taidionso. In 


tlie case of sole hailher llie rmishing ])rocess is ehiolly designed 
to giv(5 t)i(* leathor a pres<-ntal)le appearanct?, the drying of ihf 
goods, wliicii mu.^t take plac’e in atiy ease, const iint ing tin.' 
(lilliculty iti th(‘ finishing process. In tlieeax; oi' lighttm loatluM', 
the linal opt'rations consist in stndiiig tin; goods with gri'ase, 
so its to itn]>art the necessary softiK'ss to tin* leather. 


(«) Finishing Sole Leather. -In <»rderto itiipr»)ve the grain ofL 
the h'ather and at the same time, to reniovi* (lie l)loom ^p. 
tlie hutts arc! “struck out'’ (generally after they. ' 
liglitly oile<l ami left in a }i('a|> until a slight ''e.itjng h 
occurred -a process known as sammillg) l)v m('<ang<-**ji,,^^ 
corrier(‘d kniftL wldch Is cajxhh* of stnuchijig tlie 
cutting it. A fluted or plain roller [vissed l»y ''SB 5^* 
grain is now generally sniistitutrd f«u’ tin* st riking-Sp^^P^"- ^ {' 

drying of the leather must he gradual and musfcbrf O i? 

the dark; to tln-se ends tlu' drying shed i'^ g(.ri(o^\lly 
with slats, wide!) ean lie nhieed at such an angh‘ 
light, whilst admittio;!^ 5 /..“laximum volunu* of air. j8fc*'^iioh .slieds 
may be li<*at<'d to ab« " 2 f'. 21 C. in winter. W' , 

A good .sole leatli^ c witli a sharj) should 

show a siaition wdiieli is uniform in afip<‘aranee andw from 
fleshy or liorny streaks. Wlum gradually lieiit. tlu^ shtudd 

not hrpak. It will ahsorb about o.‘i |ier cent, of -vffl-itm’f wluui 
soaked therein. Jf fully laiiiied it wTll have about tl]^^‘ fbllowing 
com position « 

WiKT, ' . . . iJ oO 

I 'at ami a<h,* If 30 

Sobihlc tannin a|00 

Soluhle nou-taj nin.t •‘{f ^0 

Pure leather .siihsi oice. ; 7 1 1 


The pFreentago of hide substance is calculated Irom •- nitrogen 

* Containing {kaO 0-3, SO.-, 0<)0. t Containing sug.;r 0-40. 

J Containing hivle ^^?l^)sUncL‘ :;i)-90, combined tannin IVJ'UO 
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determination, on the basis tli.it the true hide substance contains 
17 8 per cent, of nitrogen. Ij*‘at.lier is frequently ailiilti raied 
with glucose, soluble salts and i><irytes. 

Market hides sliould yield al'out 5(5 per cent of their weight 
of leather, greemsalted hides about 75 per c(‘nt., and dry hales 
about 150 per cent. 

(b) Currying. — Dressing leather is geiu'rally scoured by a 
machine which moves brushes and ston(‘s (“shakers'’) ovtu* tlie 
leather. It is then stuffed, either hy liand or in a iunil)I(‘r, with 
tallow and oils. The oils prelerred are such as readily (Miiuisify 
with water, wliich may contain a little soap to im})rov(‘ th(^ 
emulsion. Those generally used are castor, neaisfoot, cod-liver 
oil, whale oil, olive oil and sperm oil ; tluj characteristic features of 
these have been dealt with in the section on oils ( Vol. II., p. 
Degras (p. 415) is especially valued for currying, and owes its 
pr(i|)erty, according to Eitner, to a nitrogenous substance — the 
d4gras-former — which exists to a small extent in the cod oil used 
in chamoising, but to a greater extent in the degras itself; this 
substance is insoluble in petroleum ether, and should amount to 
at least 12 per cent, in degras containing 20 per cent, of water. 
Fahrion has denied the (‘xisteiico of a d6gras-fornier, and attributes 
the peculiar properties of degras to the presence of hydroxy fatty 
acids. The iodine absorption of genuine d(5gras should be very 
similar to that of its parent cod oil. Many imitations are on the 
market. 

Russia leather is scented by dressing the flesh side with 
birch oil obtained by the destructiv«; distillation of birch bark. 
Light leathei’s are goneially blacked, if not dyed, by a mixture 
of lampblack and oil. Koans, skivers and kid are nearly 
always dyed. This is most commonly effected by means of 
dyewoods (p. 344), but synthetic colours are ustal to a con- 
siderable extent, particularly Bismarck brown.* Basic dyestuffs 
are readily fixed on the leather, since! this is already mordanted 
with tannin ; it is difficult, however, to ke<‘.p the dye-baths 
clear, on account of the precipitation of the dye by such tannin 
as is lemovable from the leatln^r hy water. To remedy ^lia, tlie 
leather should be first passed through a bath of tartar emetic to 
fix the tannin. In dyeing it is customary to fold the 

skins grain outwards and^ immerse them in the dye-bath, or to 
brush the dye on to th(^ leather as it lies on the table. To 
whiten leather it may be passed first through a bath of sugar of 
lead and then through dilute sulphuric aoil, whereby lead sul- 
phate will be precipitated in tb leather. Artificial grain may 
be put on the leather either by folding ii? and rolling it under 
a board, or bV'mechanicj^l rollers br stalups. 

* Most leathers are damaged by the higfi temperature necoyary in 
alizarine dye-baths, but c^roine-tanncd ’3ather is sufficiently reactant to 
be dyed with jalizarine colours. * 
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Japanned or enamelled leather (patent leather) is ‘glazed bv 
being stn^tched and coated witli a varnish of linseed oil, ground 
■wit h soin(5 jugment, commonly lampblack ; this coat is dried hy 
placing the Jeaihcr, still stretched, in a stove at a teinpiTature 
of 70 to 80*' 0. — 158° to 176’ b’., and another coat is apjdied, 
operation being n*peated until the desired thickness is ob- 
tairled. A coating of a true black varnish imparts tin; final gla/.e. 

Theory of Tanning. — In attempting to account for tin; 
retention of a tanstulf by hide; libr(‘, dilllcnlties are met with 
which recall those exp(‘rienced in attempting to account for the 
retention of a dye by t(‘xtile libn's (s(!e p. 289), and just Jis there 
ar(^ those who support a “physical theory," and those; who 
support a “chemical theory” of dyeing, so chemists hav<' long 
been divided into two camps concerning the physical or chemical 
nature of the tanning proc(;ss. There is, however, a further dilli- 
culty in the way of Ibrmulating a thtmry of tanning, (uigtmde ’cd 
hy the fact that tin; hi<le fibre is so far altor(;d during the process 
that it is incapable of putrefaction, and, in the majority of cases, 
will not hccorne gelatine wlien boiled with water. 

Knapp is of the opinion that the tanning process is only due to 
tli(! coating of th(‘ hide fibres with the lanstuil’, ))c this a tannin, 
a basic salt or an oil. In accordance with this view, ho delim^s 
leather as hide in which the individual fibres are prevented from 
adhering together when dry. The deliuition certainly finds 
support when a study is made of alinned hiathor, a product which 
can he closely imitated hy merely dehydrating the skin by 
absolute alcohol; in neither case is the “leather" }»oniiaii(‘rit, 
for boiling water will convert it coinjilotely into gelatine. In 
tin; case of leather made with tannin, howevi'r, the matter is 
dilferent; well-tanned sob; leather will yield no gelatine when 
lieated with water, nor can more than an iiieonsid(;rabl(' per- 
cenrage of tannin he extracted from it by wanu', or ev<'n by 
caustic soda solution. 

Attempts have been made to apply Witt's solid solution 
theory of dyeing ip. 290) to the tanning of hide, and tin; chissieal 
silk-m.''g(‘nla-alcohol experiment {loc. cit.) lias been quoted in 
supjiort of this tlu'ory. It must be re'marked, however, tliat the 
solvcmt w’hich will behave to bark-tanned leather in a manner 
[larallel to that in which the alcohol b^'liaves to the magimta-dyed 
silk, has yet to be found. It has been statral by v. Schroedei- 
and Passler that hide cannot absorb more than its own weight 
of tannin (calculateei' on the weiglit of the anhydrous hide), and 
it is supposed that this is a saturated solid solution of tannin in 
hide. According to toriner statements, ujiper leatluT is never 
completely tanned by bark, but <lcponus for its complete conver- 
sion iqfo leather on a species of oil tannage imparted during the 
currying process. Tin; a.ss(‘rtion of kSu^iIu use that upper heather 
yields 25 per c mt. of its weight of gelatine when 'heated with 
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water, supports tliis view , but v. Scliroeder has given tlie 
following figures, which show that all properly tanned leather 
contains about the same proportion of tannin calculated on the 
content of pure hide substance in the hide : — 



j 100 rails of Propaied 
i Hide Ooiitaiii 

100 Purtfi of Prepared Hide 
gi^e of LeiillitT 

1 Water. 

j 

1 rcr eent . 

! 

78 

81 

! 

Hide 

.Subslance. 

Moan. 

Poor ] Maxiimiiii 
Tiimiage. | Taiinagi'. 

Sole leather, . 

Strap leatlier (cowhides), 
Dressing leather (kips, \ 
horse hides), . . / 

Cal# leather, . 

r«reeiit. 

‘JU 

25 

22 

19 

64 

57 

50 

41 

55 75 

49 67 

411 59 

35 48 


The same chemist has shown that the amount of tannin whit li 
hide will abs(trb depends on the strength of the t'mning liquor ; 
this, lie claims, could nut be tlie case were the process a chemic.'il 
one. 




Tanniii in jOO c.c. j 

of Anliydi'ous Hide. 

Grams. 

Grains. 

1 ’74 

1 33-50 

2'61 1 

1 48-10 

4 35 1 

68-60 

8-71 

77*90 


It was found that if the hide were placed in a stronger liquor 
than the last-named, it became so rapidly tanned on the outside 
that the liquor never penetrated to the inside. By introducing 
the hide into successively stronger liquors, as in the tanning 
procesEi 100 per cent, of tannin wtip absorbed. • • 

lleviewing the whole of tjffe evidence above quoted, it must be 
admitted that Witt’s solid solution theory will ncjl apply to the 
tanning of leather with tannin, and that in this case the exist- 
ence of a chemical compound of tannin with hide fibre must be 
conceded. In tjie Case of mineral-tanned leather, where the 
whole of the tanstufi’ can be removed by -sfater, Witt’s theory 
may represent the true state of afi'airs. In oil tanning a similar 
dissolution of the oil in the fibre may occur* the oil subsequently 
becoming fixed^by oxidatwn, mi'cl#as inTligo white is converted 
into indigo blue in the fibre. • 

11. GELATINE, GL"^E AND SIZE.— These are three Jiffer- 
ent forms of ^he same material, and ’are produceii^ by the action 
of boiling water on collagen, the chemical Individual, or indi- 




420 


MANUFACTUKE OF LEATHER, OLHE AND SIZE. 


viduals, of which Hbro and the ortranic matter of bonea 
(“osseine”) are composed. (Jelatine and glue differ solely in the 
caro with which they are made, and therefore in the purity of 
the product ; size is an impure gelatim; put on to the market ia 
the form of a jolly instead of that of a hard material. 

Gelatine is now generally made from hide tibie, whilst bones 
form the raw mat<.‘rial for glue, although in some factories both 
are made from either raw material. 

The hide fibre used in the maniilaeturo of gelatine is l lie waste 
cuttings of the tanm;ryand skins that are not list'd for leather — 
6’.//., rabbit and dog skins which havt* been duly unlmired. 'I’he 
liide pit.'ces are first well digt'sted wiili dilute soda lye for some 
tiiiui in order to saponify com[»letely tin' fat- contained in tln'ra, 
then waslu'd with cold waun- ami bleached by sulplnirous acid. 
Tlie next process is to convert the collagi'ii into gelatine, and to 
strain the solution from the unattacked elastiii, ite. Si'veral 
methods of doing this an*- in voguii : the matijrial may be plai!ed 
on the perforated false bottom of a ki'ttle, into which watm* and 
steam are admitted, or it may be h(‘ated witli a little waU'r in 
earthenware vessels contained in. a sU'am ehest, and tlio solution 
of gelatine aftm-wards strained. It is someiimo.s customary to 
add a little albumin in tln^ form of blood to th(^ gelatine solution, 
in order that l>y its coagulation it may carry suspend(;d matter 
to tlio surlat-'e in the form of a scum, whi(;h can he skimnKfd off. 
WhaLiner the plan for obtaining the solution of gelatine, it is 
di'siruble tliat this should be strong enougli to sob to a linn Jidly 
on being run into the cooling troughs, since the subseiiiK'nt 
heating to (!X[)el water impairs the gelatinising property of th(f 
product. The troughs ani generally of su(,*h a shape that the 
lilocks of gelatine may he directly sliced hy wires into layers 
w'hich an^ sufliciently. tliin to dry at the most advantageous 
speed, for it is in this drying that tlui gn'atiist dillioulty of 
gelatine manufacture is experienced. '.l.’h() sheets are jilaced 
upon netting and exposi'd to a drying atmospliere in two rooms. 
The first of these must be iieated by closed Ht(?am pi|)e.s to a 
temperatun^ not exceeding 20 0. — /JH'* ]‘\, lest the gelatine melt 
and run through the netting, or .sofien sutlicientiy to adhere 
.strongly thereto. The air in this room must not h(‘ too dry, 
because if the sh(.‘ets dry quickly at' this stage they curl ifp and 
crack. The second room generally has a curn'nt of air forced 
through it, ovi'r th<swire nettings, by means of' an. air projadler. 

Gelatine contains from 0*5 to 2 per cent, of ash ; the com- 
[josition of its organiir matter has been given at ]>. 392. Good 
gidatino will gelatinise in > solution containing only 1 per 
cent.; but samples which have heen long heated or contain 
muclfchondrin (the substance into which cartilage is converted 
by treaimenb, similar to that which gelatine has undergone) 
will not gelatinise so well. Choiidrin is precipitated from 
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aqueous solution by acetic acid. All tannins precipitate gelatine 
solution. 

Isinglass, used chiefly for clarifying wines, l^eer, ttc., is ob- 
tained from the dried swiiniiiing i)ladder of various lishes ; ihi> 
membrane is washed, dried by exposure to air, and tiie imno.st 
layer stripped off and further dried. Jt contains some to 
per cent, of gelatine, up to 1*5 per (?ent. of asli, and a small pro- 
portion of insoluble matter. JSlueli faetiiious isinglas.s is ma le 
from ordinary gelatine j it i.s, ho\vev<'r, d(?void of the true i.sia- 
glass structure. 

In uiaking glue from bones, Ihestt an^ lirst sU'epfsl in hydro- 
chloric acid (about 10 per cent. IKM,* until they are thorougiily 
soft, drained, washed and steamed in iron diitesteivs at a j're.s.siiro 
of 30 to 35 lbs. per square inch for ti»n*e or four hour.s. TIu' ghnt 
and ifatty matter are run off from time lo time into settling tanks 
kept liot enough to prevent gelatinisation ; here the fat rise's 
and is skimmed ofl’ (see Ihne, fal^ Vol. 11., p. 211), and any 
bleaching, such as with SO 2 , which may be customary is ellected. 
The glue is next filtered through .sieves ami boihsl down hy 
closed steam until it is capable of becoming a linn. block wlieu 
cold. This is cut uj) and dried as <le.scribed for golatiiH'. 'I’lie 
refuse in the digesters is sold as a manun^ material. 

Size is prepared similarly to gtdatine, but generally from mueh 
rougher material. It is connnonly stmt into ibe market as a stitF 

Liquid glues are made by dissolving oi-diiuiry glue in aeid.s. 
These prevent the solution from gelatin i.sing when cold, but do 
not deteriorate the adhesive powei* of the tlried material. 

Such a liquid glue i.s made by dis.solving 2 lies, of glue in a 
quart of water and a^dding 7 oz.s. of nitric arid (.speeilit; gravit y 
1*35). Acetic acid is also used. 

Two flat surfaces of wood, glut'd logtfllier, should with.sLaml a 
shearing strt'ss of 38 to 73 kilos, per square centimetre, and a 
tensile stress of 14 to 37 kilos, per .square eenlimet re. 

Various glue substitutes are u.s»#d as cements ’’ for cbi*a, A'c. 
Solutions of casein in alkalifto liquids, sucli as borax solution or 
soluble glass solution, are used for this purpose. 

** The subsequent neutralisation of the acid witli chalk precipitates a 
calcium phosphate containing IS to 20 percent, oi it is used us a 

jnanure. • 
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CTIAPTKR XVII. 

EXPLOSIVES AND MATCHES. 

I. EXPLOSIVES. Ivx plosives are bodies whiuli, under a s\jit- 
al)Ie stiinulu.s, yield suddenly lar<5e volume's of gas and cvolvej 
hoar. Ne'urly ail (uidothr^rniie compounds are capable of behav- 
ing as ('Xf)loHiv(‘.s iimler suitable condirions. 'rhus, hydiy^gen 
peroxide, an endothermie substance, will explode when heated 
to the boiling point of water, 

II.A=H 20 -I- 0 -f-M-aCal., 

that is. ‘M grains (1 gram-mob'cule i of anhydrous hydrogen pi'r* 
oxide evolves, by its decomposition into water and oxygen, lil f) 
kilogram units of heat. In actual practice, however, the heat 
of inter-coinbiuatiou of the elements constituting an explosive, 
provkb's tin; greater part, or the whole of the energy evolved by 
tlie explosive. Thus, the decomposition of mercuric fulminate 
into its elements, w'ould he expressed by the equation — 

HgCoNA = Hg + Cj + Nj + Oa + 62 9 Cal.; 

but the actual energy evolved by its explosion is much greater, 
owing to the fact that the carbon and oxygen combine to form 
CO, with liberation of heat. 

HgCgNA = 2CO + N,, + Hg + 114-5 Cal. 

It will be observed that, in both the cases quoted, the pro- 
ducts .‘ire gaseous at the temperature of explosion. Seeij^g that 
the volume of these gases is large (Jompared with the compara- 
tively dense substances generating them (H^Og, specific gravity 
1-45 ; HgC.2N202, specific gravity 4*42), the pressure exerted by 
the gases is great if they be confined in a space previously co*i- 
pleteiy filled by the explosive from which they are derived. 

For practical purposes the eflTeotive pressure exerted by an 
explosive depends upon — (1) the volume of gas at normal tem- 
perature and pressure liberated per unit volume of explosive, 
(2) the temperature attained at the •moment oi explosion and 
the epeffieients of expansion of the gases, (3) the degree of 
imper.'dousness of the wails of the cavity, in which the explosion 
occurs, and the rapidity wiuh which the explosion^, takes place. 
When the thermal change accompanying an explosion and the 
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Tolume of gas are known, the total possible pressure can be calcu- 
lated for an explosion taking j)lace in an imptTineabb^ vessel, witlj- 
in the limits of our knowledge of the physical properties of gases 
at high temperatures. The eflective jmessiire has been dirt'cLly 
measured by performing the explosion in a close<l vessel, which is 
eitheritself capableof permanent distortion(c?.,v., a cylinderof lead), 
or communicates with pressure gauges, consisiing of {>lungers 
bearing upon lead cylinders, the deformation ol which serves as 
a measure of the pressure. A better method consists in firing 
the explosive from a pendulum mortar of known weight, and 
measuring the recoil produced. The difference between the 
calculated pressure and the effectiv(* pressure thus measured, 
depends largely on the rapidity of tln^ explosion, a rapid 
explosive producing its maximum effect in a sj>ace of tiuu* sulli* 
ciefitly short to make tln^ escape of gas from a not perfectly 
impervious envelope smaller than that wliicdi occurs during the 
action of a slow explosive. The rapidity an explosive is 
the factor of most importance in deciding for what uses it is 
best fitted. Tima, for severe shattering action where tln^ escape 
of gases cannot be fully restrained, an explosive like nitro- 
glycerin, which is so rapid that the atmo.spliere itself is ;i 
sufficiently resistant env(dope, is used, wdiile for the slow move- 
ment of large masses — such as that involved in winning coal 
and propelling shot — gunpowder or om* of its modern substi 
tutes (v.i.), which explodes comparatively slowly, is (unployed. 

The rapidity of explosion is iniluenced by tlie state of division 
of the explosive as wcdl as by its composition, whence it follows 
tliat, ceteris paribus, a compound will he a more rapid explosive 
than any mixture, however intimate. No distinction in kind can 
be drawn between the phenomenon of explosion and that of com- 
bustion, the difference being essentially oim of rate of propaga- 
tion. Thus it happens that a sul>stancp — e.ff., gun-cotton {v i .) — 
may behave either as a combustible or as an ('xplosive, according 
to the means used to initiate its decomposition. Loose gun 
cottoA ignited by a source of ligat of comparatively low^ tenj- 
perature — as for example,* a flame or red hot wire — merely 
burns, the hot gases generated by the combusfion b<dng able 
to escape freely, but should the gun cotton be ignited in the 
Centre of a compact mass, the gases will not be able to escape 
readily, and tlif^ pit^^ssure rapidly generated will raise the tf-m- 
perature and causes approximately instantaneous combustion of 
the whole mass ; the same effect is produced by the use of a 
source of initial high temperature eaid pressure — e.g,, a detonator 
of mercuric ifllminate {i.i.). Detonation is, therefore, caused 
by the high pressure generai^ed by th^ most rapid comjfustion 
that can be attained u'ader any given conditions. • 

It follovw from this that the’ theory thatgan explosion is 
necessarily initiated by the vibration of the particular wave 



424 


EXPL0S1VKS AND MATCHES. 


Iwngth generated by tlie detonator used, is erroneous, and, there- 
fore, tliat so-ealle<l “sympathetic'’ ex[»losi()n (the detonation of 
on(i ex|)l()sive by the sliock produced by the explosion of anothei* 
in its neighbourhood) may be rath(jr due to the setting up of a 
new vibration, probably identical with the vibration of the 
t(!mp(iratur(j of ignition of the second (jxplosive, atited on sym- 
pathetically. 

(.'V) Gunpowder. — (lunpowder is the oldest explosive known. 
It con.sista of a mixture of potassium nitrate, sul|)hur, and char- 
coal ; its energy of explosion is derived from the exothermic 
ri'actions involved in the oxidation of th(‘ carbon and sulphur by 
the potas.siuin nitrate. 'I’lie original proportions in which these 
constitiKsits wore mixed w(U‘(‘, in Kngdaud, 75 per cent, of |)otas- 
sium nitrate, 10 per cent, of sulphur, and 15 [>ercent. of cliarcoal, 
tb(^ same [)roportion being .still in use for black ri(h‘ powder, Vhc 
manufacture of gunpow'dtT comprises the preparation of pure 
potassiinii nitrate, distilhsl sulphur, and charcoal iVom a light 
wood such a.s alder, and the mixing of these to a homogeneous 
mass. 

Potassium nitrate was at om^ time obtained exclusively from 
Kast Indian “saltpetre earths,” wliieli arc natural aciMim illations 
of nitrat(‘.s (tli(‘ j)ota.ssium, c.'ilciiim and magm'sium .salts) in the 
surfaci^ soil, produccil by tin? nitrification of nitrogenous organic 
matKir through the agency of an organism (.see MnnurM^ Vol. 1 1., 
p. 125). The earth varies in (composition, tin* lielKir kinds con- 
taining about 8 ]M‘r cent, of potassium nitrate and some 4 per 
C(;nt. of calcium nitraUt The (*artli is hrached, and the licjuor 
coiic(mtrat(;(l ami mi.xtal with wood aslnts (crude potassium 
carbonate), whereby the nitraU‘s ar(M?.>nvert(Ml into the potassium 
salt, which cry.slallises, and in its crinh* state contains from 45 
to 70 per cent, of KNO,,. It is g(*n('rally reery.stallis(‘(l in India 
for (‘xportation, Th(‘ best (|uality (Bengal ordinary) contains 
DO’O per cent, of KNOy. The pn*duct>ion of a saltyv^tre (sirtli 
has formed an industry in some Kuroptian countric'.s, wh<‘re it 
is inad(! by mixing calcareous toil with putnTying nitrog\ rious 
suhstanccs, am,^ allowing iiitrilication (for the nuichnnism of 
nitrification see Artificial manures^ Vol. If., p. 125) to proceed 
for months or years. 

For the manufacture of gunpow’der the nitre is dissolved in 
boiling wat(^r and filtered hot. The hot liquid is constantly 
agitated; when its temperature falls to 32“ 0. = 90° F., tho 
salt|)etre crystallises in a fine “flour,” and is drained and washed 
with successiv(‘ small qinintities of water ; a further draining 
leaves the flour in a fit condition for thO incorporating mill (v.t.). 
The greater yiart of saltpetn* for gunpowder is now made by the 
decomposition of sodium nitrate (Chili saltbPli’<^) with potassium 
clilorilte (from tStas^urt safts). Commercial soditim nitrate 
(95 per cent.) is dissolved together with Stassfurt “muriate of 
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potash” (whicli contains 80 per cent, ol' 3:01) in the mother 
liquors of a previous crystallisation. The soluiion is boiled 
down and allowed to crystallise. Sodium chloridu crysiallise.s 
first, and the potassium nitrate is de})ositcd on runnin^^ the 
mother liquor into crystallising tanks. The Hour thus obtained 
still contains some 8 per cent, ot NaCl, ami is purified bv re- 
crystallisation and subsequent washing' with water. CunpowdiT 
saltpetre must bo free from chlorides, which lend to keep it moist, 
and from sodium nitrate, which also is tieli(ju(‘scent. It is liable 
to contain potassium perchlorate, derived from Chili saltpetre; 
this impurity is injurious, tending to j»roduce irregular ex- 
plosion ot tlie gunpowder. Jleyond its use tor gunpowder and 
fireworks, potassium nitrate is only employed for minor purpo.^es 
■ — e.ff., as a preservative fur meat 

Sulphur for gunpowder making is distilled in an iron retort, 
which is connect(‘d with a sublimation chamber, as \^ell us with 
the condenser. At the b^'ginning of the distillation iln* vapour 
is sent into the sublimation chamber, o.xides of sulphur being 
thus got rid of; subsequently the va])our is jcissed through 
the condensers, and is collected as a li(|uid. 1’he redistilled 
sulphur, which should bo free from oxides of sulphur, is s(mt to 
the incorporating mill. The carbonisation of wood for gunpowder 
charcoal is efiected with or witliout tin* collection of tlie l)V(‘- 
products (see DeatrucLwe distillation, Yob ll., p. lOl), ami at a 
temperature depending on the kind of powilw to he made. The 
wood of the alder buckthorn {lihammis jramjuld) and tliat of 
the true alder and willow are preferred. The wood is stonul 
for some three years before carbonisation, and i.s carbonisi'd in 
cylinders fitting in cylindrical retorts. Tln^ r(‘sultiiig charcoal 
is stored for a couple of weeks before grinding, as it is then le.ss 
liable to spontaneous ignition. 

The temperature for the manufacture of Idack gunpowder 
charcoal ranges from 300“ to 520“ C. =- 080“ to 008“ K., that 
for brown powder is carbonised at a lower lemperature, 280“ 0. 
= 5116“ F., and in some cases i^ hukIc from cereal stn^w. '[’be 
temperatur(i is also regfflated according to the grain of the 
powder of which the charcoal is to form a furt. 'I'lw? com- 
position of some gunpowder charcoals is as follow.s (A'oWe 
and Ahel ) : — 


« 

* , 

A*>bty 

Pebble. 

• 

Wnllliiiiii 
AM..-y Kitl.- 
•Lai'm; Oiain. 

Wii!th.')iii 
-Al.l.i y J!ill.! 
I'ine (Jiiiiii. 

c, 


80-:.2 

75 -72 

II, .... . 

2-98 

.‘VO'S 

f ;i'7o 

0 and . . . , j 

1M-d6 

14-75 

•is -84 

Asb, 

l-6() 

• 1^5 

1-74 

• 1 

“1 

• 
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A high pftrc(‘iitiig(; of carhon concspoiidM with a high tem- 
perature of carbonisation. The sulphur and charcoal are ground 
separately and screened, and mixed with the still moist salt- 
petre in a rough mixing machine, consisting of a gunmetal 
drum and stirrer. This “green charge” is sifted, and passed to 
the incorporating mill, which consists of iron or stone edge- 
runners working on an iron or stone bed plate, the contact of 
iron with stone being avoided. During incorporation the 
mixture is kept moist. The “mill cake” thus produced con- 
tains from 1 to 6 per cent, of moisture, according to whetlier 
the grain to be made is small or large, and is then broken up 
between grooved gunmetal rollers, and pressed into cakes in 
guninetiil lx)xes lined with wood. The next process is “ granu- 
lation,” and is effected by passing the “press cake” between 
toothed rollers. The granulated cake is graded by sieves, ahd 
the powder is glazed by rotation in drums, an ounce of graphite 
to each 100 lbs. of the gunpowder being added for large grain 
powder. Drying and finishing by a final rotation in a cylindrical 
tiaine covered with canvas, for the purpose of removing dust, 
complete the process. Tlui dust from the various grading pro- 
cesscjs is termed meal powder, and is much used in pyrotechuy. 
“Pel)bl(! ” and “prismatic” powders are cut from the press cake 
eithei* by rollers provided with knife-like ridges, or by hand. 
Prismatic powder is gemu’ally perforated longitudinally to ensure 
uniformity of surfiice during combustion. The main portion of the 
energy set free in igniting gunpowder is derived from the oxida- 
tion of the charcoal by the .saltpetre. The presence of sulphur is, 
however, necessary to incn'ase the rapidity of explosion to such 
an extent as to allow of tlie exertion of a maximum of effective 
])ressure. The low igniting point of sulphur (248'* 0. = 478° P.) 
adapts it for this purpose. The rapidity of explosion also depends 
on the size of grain, pebble or prismatic powder (v.s.) being used 
wlicire a comparatively long continued pressure, as distinct from a 
sudden bursting strain, is required, as in heavy guns. Explo- 
sions of this type can be produced by powder poor in siilpuuT, 
in wliich class of material the charcoal used has to be carbonised 
at a low temperature and thus rendered more readily combustible. 
“Cocoa” powder, containing 79 per cen\ of KNO^, 2 per cent, of 
S, 18 per cent, of charcoal and 1 per cent, of moisture, is of thi.s " 
character. The brown colour is due to the lighDy carbonised 
charcoal, which is generally made from straw. Mining powder, 
from which it is desired to obtain the higliest possible effective 
pressure by gene rating ‘a large volume of gas in a short space 
of time, contains about 67 per c. nt. KNO3, 19 per Cent, charcoal 
and 14 per cent. S. The -increase in the proportion of sulphur 
also aug^^jents the inflammability of the porvder. The chemical 
changes occurring^, in the expbsion of gunpowder are<ivery com- 
plex, and difter according'-^ to the composition of the powder. 
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The following equation (Debus and Berthelot) may be taken &l 
showing the nature of the chief changes : — 

I 6 KNO 3 + 21c + 7S = 13COj + 3C:0 + 16N + SKfCOj + K3SO4 + ‘2K,S,. 

The salient properties of powders of various kinds are sliowu 
in the table below : — 



Cocoa. 

Kill 

l.arnc i.rain, 

1 kilotrruin of 
Dry rowder. 

Miniiii;. 

Calories (kilogram degrees), 
Litres of pennanout g.is at \ 
0° C., and 7t)0 mm., .) 

1 


m j 

725^7 

274 2 

510 -8 

mz 


A comparison of th(^ maximum jita'ssun.* produced (in tons per 
square incii) by mining and black inilitaiy powders, gave the 
figures 44 and 43 respectively, when the explosion was con- 
ducted ill a closed vessel. The rapidity of the explosion of 
gunpowder is decreased by increase of apparent density, which 
varies from 1-67 for rifle powder, to 1*87 for brown prismatic 
powder. The exploding temperature of black powder is given 
at 300° C. =»572° F. At very low pressures — eg.., 5 mm. — 
rapidity of explosion becomes very small, the converse being 
true of high pressures such as thos(^ obtaining in a gun. 

Recently, tln^ exigencies of modei n warfare have caused tlie 
manufacture of smokeless, or as they arei better termed in 
Germany, “rauchschwaclie” powders. Inasmuch as the smoke of 
gun[)owdor consi.sts chiefly of finely-divided potassium carbonate 
and sulphate, smokeless powders must not yieJd such saline 
products. All smokeless powder.s used at present may be con- 
veniently divided into three classes: — (1) Gun-cotton (v.i.) 
made into a horny substance by mixing with .some solvent; 
gun-cotton yields no solid matter on explosion, and is, there- 
fore, smokeless, but is not adapted in its ordinary state for 
artillery and small arnns, bedhu.se of its intensely rapid and 
violent action. (2) Mixtures of nitroglycer^ with collodion 
cotton, consisting chie^ of di- and tri-nitrocellulose or with 
• gun-cotton — e.g., cordite (v.i.). (3) Mixtures containing nitrated 
aromatic hydrocarbons. For further information see Nitro- 
A'xplodves. • 

(6) Nitro-Explosives — “H'gh Explosives.” — These differ 
from gunpowder in that their explosive basis is a definite 
chemical coitop^und, contain in g«(/xyg*n and oxidisable elements 
in unstable equilibrium Ine eipression nitro- explosive, 
although conveniept, is a misnomer in the case nitro- 
glycerin ^nd gun-cotton, these compounds being the nitrates of 
certain organic radicles. Gun-cottOi; of 4deaf nuritv is cellulose 
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hexaiiitrate, 0joH^4O^(N0.,)g, but as commercially ])re|)are(l it 
contains various lower nitrates, although these do not exceed 
2 to 3 per cent, in the best spc'cirnens. 

The manufacture is conducted as follows : — The waste from 
cotton spinning machines is thoroughly freed from grease and 
dried at 100° 0. = 212“ F. It is introduced in charges of about 
d J lbs. into a cast-iron vessel containing 220* lbs. of a mixture of 
1 part by weight of nitric acid, specific gravity r5, containing 
at least 93 per cent, of HNO3, with 3 parts by weight of sul- 
phuric acid, containing at least 96 per cent, of H^SO^. After 
some five or six minutes the cotton is placed upon a grating 
provided at the back of the nitrating vessel, and is compressed 
by a plate and lever. The charge, containing in its pores about 
14 lbs. of acid, is transferred to a covered stoneware pot, which 
is placed in a stream of cold water for twenty-four hours, at tho 
end of which time nitration is complete. The bulk of the acid 
is removed from the cotton by a centrifugal machine, and most 
of the remainder is washed out in a paddle machine by a stream 
of water, followed by another treatment in a centrifugal drier. 
Finally, two boilings by steam are administered. The gun-cotton 
is then very thoroughly pulped in a “beater,” such as is used 
in paper manufacture. The pulp is washed in a paddle machine 
for six hours, after which it is tested according to the conven- 
tional method by heating 20 grains to 150“ F. = 65“ 0. in a test 
tube, in which is suspended a piece of paper moistened with 
potassium iodide and starch. This i)aper must not be blued by 
the separation of iodine, indicating the evolution of nitrous 
fumes. For industrial jmrposes gun-cotton is usually sold in 
the loose state, but for military use it is compressed into slabs 
of suitable size, the compression taking place in two stages, a 
pressure of 7,500 to 15,000 lbs. per square inch being finally 
employed. Gun-cotton is generally stored and sold with a 
moisture-content of about 30 per cent, to diminish the risk of 
accidents, but for use as ammunition it is dried at a tempera- 
ture of 4,0“ C. — 104“ F. As slabs of dry gun-cotton are v<fTy 
friable, they are usually dippeef onc4' or twice into melted 
paraffin wax at c temperature of 80“ 0. == 176“ F., the axial 
hole in which the detonator is afterwards placed being pro- 
tected from the wax by pasting a gummed wafer over it. 
Ordinary undried gun-cotton is sometimes dijVped into a solu- 
tion of sodium carbonate and carbolic acid to prevent the 
growth of fungi on it. 

•These details refer to the,, nianjafacture as carried out|.at Waltham 
Abbey. At other factories much loWer propoi lions of acid — e.g., 30 to 
60 parts of acid for 1 of cotton- - arc used. The subsequent boiling is often 
done with "weak sodium carbonate solution, or with water containing 
magnesium'’ or calcium carl)onate, all of which, however, hav^e a slight 
decomposing action (Vi the gun-cotton. A certain amount of calcium 
carbonate is also often added to the finished gun-cotton. 
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The acid mixture left after niliating one batch of cot ton is 
“revivified” by running away a portion and substituting for 
it, as well as for that absorbed by the cotton, fresh acids of the 
required strength. This operation may be repeated upwards of 
twenty times. When the acid contains so much water t hat it 
has become useless for nitrating, it is run aw'ay altogetln'r, and 
heated in order to drive olf the nitric acid it contains ; this, 
owing to the high temperature n(‘cessary, comes olf mainly in 
the form of oxides of nitrogen, which are re-oxidised in suite bit 
chambers by means of air and steam. 

Gun-cotton is similar to eollnii wool in appearanei', lut i.s 
somewhat harsher to the touch. ]ts speeilii; gravity is 1G(> 
when its pores are freed from air. It is distinguished from tli(< 
lower products of the nitration of cellulusn by its insoIuliiliLy in 
admixture of ether and alcohol. It is soluldc; in ethyl aci'iatc!, 
and becomes converted into a jelly by nitrobcnzime and nitro- 
glycerin. In common with other explosive organic nitrab's, it 
can be reconverted into tin* original substance -in this case 
cellulose — by treatment wiili pota.ssiuin hydrosulphide. WIkui 
kindled (as distinct from dctoiiat'-d) in an unconlincd space, it 
burns fiercely with considerable llamo (GO and 11 being evolved 
by its decomposition and burning in the air). It igiiitc's spon- 
taneously at about 1 50® C. - .‘lOli' 10, but this iemp(‘ratun‘ varif^s 
with the condition of the gun-cotton. It doe.s not explode by 
percussive shock, but does so with shattering violence, even 
though saturated with water, when detonated with a cap con- 
taining mercuric fulminate. When wet, however, a priming of 
dry gun-cotton is advisaiile to ensure detonation. Its decom- 
position on explosion is represented by the following equation : — 

C,2[Ii404(NO..,)a - 5CO + -t- 8H + + (>N. 

It will be seen, therefore, that gun-cotton does not contain 
enough oxygen to yield completely oxidised products wlien 
exploded per se. If imperfectly washed, ami containing a trace 
of .‘j^cid, it is liable to spontaneous decomposition and explosion. 
On explosion it gives ni’/)re hftab and more gas tlian*an equal 
weight of any kind of gunpowder. ^ 

Kilo, 

* gun-colton yields 

Calories (kilogram degrees), . . . 1071 

eff gas, including water vapour, at ( „-q 

0° C. and 700 mm., . . • . .\ ' 

It is not of much industrial importance, as its price is too high ; 
but it is usjjd for loading i arpf.<l 9 es ajad for military mines. ^ 

Collodion cotton. > mixture i*f the di-, tri-, tetra-, and peiita- 
nitrates of cellulose, is a chf‘aper explosive, being inade from 
weaker acids. In olher respect| its manufacture resembles that 
of gun-cdlton (see Blasting GelaHne).^ 
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Attempts have been made to supply the oxygen required for 
the complete combustion of gun-cotton by mixing it with nitrate. 
Thus tonite is made by mixing gun-cotton pulp (100 parts) with 
barium nitrate (79 parts). For sporting powders cellulose less 
highly nitrated than true gun-cotton is employed, as well as 
crude cellulose, such as sawdust, alone or mixed with metallic 
nitrates. Such substances are E. C. Powder, Johnson’s Powder, 
and Schultze’s Powder. In Sclmltze’s powder the “pyroxy- 
line” made from wood is tise<l instead of gun-cotton. The 
wood is cut into grains, which are boiled several times in 
sodium carbonate solution to remove resinous matter. They 
are then washed with water, steamed, again washed, dried and 
bleached. After again washing and drying, the cellulose left 
is .soaked for two hours in 16 to 17 parts of a mixture of 
2y'5 per cent, of nitric acid (specific gravity 1‘50) and 7T5 pty 
cent, of sulphuric acid (spe.rific gravity 1*84), the whole being 
kept cool by a stream of watijr. 'rho nitrated product is fre(;d 
from acid in a centrifugal ma'-hine, and washed with water. It 
is then boiled with sodium carbonate solution, washed with wate*r 
and dried. One hundred parts pyroxyline are then soaked in 
a solution of 26 parts of potassium nitrate, or 22 5 parts of 
potassium nitrate and 7’5 parts of barium nitrate, and dried at 
about 38“ C. = 100° F. Explo.sives made by nitrating sugar, 
starch and similar bodies are also made to a small extent. 

(c) Nitroglycerin Explosives. — Nitroglycerin, OgHr/NO.^).^ 
is glyceryl trinitrate, and is prepared by acting on anhydrous 
glycerin (specific gravity F26) with a mixture of the strongest 
nitric and sulphuric acids (1 : 2 by vohiim^), as in the prepara- 
tion of gun-cotton. The mixture of acids is cooled and run into 
a leaden vessel kept cool by circulation of water through lead 
coils, and the glycerin is sprayed into the mixture by compressed 
air. The nitration takes place very rapidly, and the temperature 
is carefully regulated, so as not to exceed 30“ 0. = 86° F., as 
indicated by a thermometer in the liquid. Should the tempera- 
ture rise unduly, there is risk of decomposition and eyen 
explosion. When the temperature hcj fallen, the contents of 
the vessel are mi into a settling tank, the nitroglycerin then 
forming an upper layer ; this is run oO’ and washed, first with 
watc^r and finally with dilute alkali, as residual traces of acid 
would cause its spontaneous decomposition. ^ The acid from 
which the nitroglycerin.ihas been separated is diluted with water, 
and a further portion of nitroglycerin obtained by allowing it 
to settle from the dilut3d ac’ul. The yield is about 2 parts by 
Weight of nitroglycerin from 1* pf glycerin. On ac ouut of the 
difficulty of controlling the nitration of glycerin conducted as 
de.scribed* above, a method known as the Boutmy-Fauclier method 
has been 'devised, by which it i*" attempted to eliminate some of 
the heat of the reactwn by a preliminary conversion of the 
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glycerin into sulphoglycekic acid, C 3 H 5 (HSO^) 3 , with one-halt of 
the sulphuric acid that is used in the direct treatment, thus 
removiug a part of the water wliich would otherwise be split etf 
during nitration, and evolve heat with the excess of sulphuric 
acid present. Tlie rest of the sulphuric acid is mixed with the 
nitric acid, and the mixture cooled before \ise, as in the ordinary 
metliod. 

Nitroglycerin is a cooi rless (tliough commercial samples 
generally have a shade |y<‘llow) oily liquid, specific gravity 
1‘60, with a sweetish taste and toxic properties, jn-oducing faint- 
ness and headache. It is insoluble in water and solidifie.s at 
8“ C. = 4G° F., and is volatile at 100° C. = 2 l'J° F. It is re- 
converted into glycerin by treatment with alkaline sulphides. 
When rapidly heated to 200° 0. -- 392° F. it infiames, but may 
detonate below this — 180" 0. = 356° F. Detonation is also 
cai»ed by a shock or blow, and by the use of mercuric fulminate 
explosion takes place with certainty. 

On explosion, nitroglycerin yields the following products : — 

2(C3Hfi(N03)8) GCOa + SHgO -I- 6N -J- 0 

It will be seen, therefore, that nitroglyeeriu contains more tlmn 
enough oxygen for the complete oxidation of its carbon and 
hydrogen, on which account it may be advantageously used in 
conjunction with explosives, such as gun-cotton, wliich contain 
less than tlie quantity of oxygen requisite for their complete 
oxidation (s(’e Blasting Gelatine). Th(‘ quantity of heat evolvi'd, 
and of gas liberated by the explosion of one kilo, of nitroglycerin 
is — 

Calories (kilogram degrees), .... 1,570 

liitres of gas at 0“ C, ami 7G0 inui., including 

Avater vapour, 714 

Nitroglycerin, therefore, gives le.ss gas but more heat than doe.s 
gun-cotton. In practice it is found that its (jfiect is about live 
times that of an equal weight of blasting powder. The dis- 
advantages attending the use of nitroglycerin, such as risk in 
transport, cause it to be little u.‘^d ; indeed in tliis country its 
sale and transport are illegal. When absorbed in a porous 
medium it becomes less unsafe to handle, and Constitutes the 
class of explosives mentioned below. 

’ Dynamite. — This explosive consists of nitroglycerin absorbed 
by an inert sjibs^auce. The material generally used as an 
absorbent is a siliceous earth, kieselguBr, which consists of 
frustules of diatoms, and c.u'Uins 95 per cent, of silica. 
Other absorbents, such as kaolin, chalk,* n)agnesia, mica, cork^ 
and charcoal, **are used t(? a limittiJ* extent, but are ie.ss ellective 

• 

* Cork and charcoal are, of course, strictly speaking, not i’lert ab- 
sorbents, since they are ’burnt during ^the explosion by the excess of 
oxygen liberfJled. * 
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than kiesel^uhr. Kiesel^'uhr is j»r(‘parod by calcining and 
sifting tll(^ raw earth. It is ilu'n mixed by hand with three 
times its weight of nitroglycerin, forming a plastic mass of dyna- 
mite containing 7o per c(‘nt. of nitroglycerin and 2') percent, 
of kieselgulir. Tlie dymiinile is then granulated by passage 
through a sieve, and made up into cartridges by the pressure 
of a wooden piston in a small metal cylinder, or by being 
expressed in a continuous rod, wlib^i is divided into suitable 
hmgths; the finished cartridges are e.iclosed in parchment paper 
cases. Dynamite is less sensitive to shock than is nitroglycerin^ 
but like it, it is rapidly decomposed at 180° 0. = 306“ F. Small 
quantities, when kindled, may burn without explosion, but large 
amounts usually reach their critical temperature of explosion and 
then detonate. Frozen dynamite cannot bo completely exploded 
when detonated with mercuric fulminate in the usual way, and has 
to be thawed before being used. ]\lany accidents have occui^red 
by carelessly heating frozen dynamite. As the specific heat of 
kieselgulir is about 0-2, an appreciable quantity of the energy 
generated on explosion of the nitroglycerin is uselessly employed 
in heating the absorbent. 

The disadvantage of an inert absorbent and the fact that a 
certain amount of oxygen is set free in the explosion of nitro- 
glycerin, have led to the manufacture of explosives of which 
the absorbent base is itself active. The following are the chief 
members of this class. 

Blasting Gelatine. — This explosive consists of 93 per cent, of 
nitroglycerin, absorbed by 7 per cent, of nitrated cotton (col- 
lodion cotton containing lower products of nitration than the 
hexanitrato), this ijuantity sullicing for the surplus o.xygen of 
the nitroglycerin. Blasting gtdatine is made by warming nitro- 
glycerin in a coppiT vessel, and stirring in the finely-divided 
nitrated cotton in small quantities at a time, the temperature 
being kept below 35° 0. = 95“ F. In the course of an hour the 
mass gelatinises to a viscous semi-transparent mass, whicli freezes 
at a low temperature. It can be employed under water, whereius 
dynamite is disintegrated wlvni tipis used, the nitroglycerin 
being washed out. It is somewhat sensitive to shock when 
frozen, but in its normal state requires a heavier detonating 
charge than does dynamite ; its detonation also takes place more 
slowly. One kilo, of blasting gelatine liberates 1,530 Cal. on 
explosion. Its intensity of blasting effect is given as 160 taking 
that ot dynamite as 100. 

Gelatine dynamite consists of 65 per cent, of a thin blasting 
ri gelatine (containing 2'5tper pent, of nitrated cotton), 26*25 per 
cent, of potassium nitrate, 8*4 per cent, of wood meal and 0*35 
per cqnt. of soda. Many other nitroglycerin explosives are 
made.h Cordite, the smokeless powder adopted by the British 
Government, is'mf th© blasting gelatine order, and is made by 
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incorporating 58 parts of nitroglycerin with 37 parts of gun 
cotton and reducing tlie mixture to a pulp by the ad<liiioii of a 
solvent such as aceione (10-2 parts); tlie pulp is nuK»<l with 
vaseline (5 parts) and manutacture<l int(» threads by expression 
through dies; tlie tlireads are used for loading cartridges. In 
making blank cartridges tli<‘ vaseline is omitted. Ballislite also 
consists essentially of a mixture of nitroglycerin and soluble 
gun-cotton. 

(d) Other Nitro-Explosivos. — 'flie idea sugge.sted by 
Sprengel of avoiding the transport of high explosives by sup- 
plying the user with two or more subslaiiees, (‘aeli of wiiieh 
by itself is not explosive, to mix when l•(‘(plired and thus yield 
an e.xplosive composition, Inis recidved nuiii(*rous develojuneid 
Tlie original explosives proposed by 8preng<d were eillKU- solu- 
tions of sucli sul)stances as iiitroben/,(me ami picric acid dissolved 
in flic strongest nitric acid, or porous cakes of potassium chlorate 
saturated with combust ibh' liipiids. These mixtureSj whu‘hcou!<l 
be made on the spot, were d(‘touated by mercuric fulminate. 
Thus, hellhoffite is a solution ol nitro- and dinit robenzciu! in 
nitric acid; pauclastite, a mixtuni of nitrog<‘ii peroxide witli 
carbon bisulphide. The objection to the haudling of liquid 
explosives has caused a reversion to mixtures of solid suhstancc's, 
one class of which consists of oxidising agents and the otlu'r of 
combu.stible materials, functioning in precisely the same manner 
as gunpowder, but needing a detonator for their ex[)losi(m. 
hlxaniples of this <‘lass of explosive arc roburite, a mixture ol 
(linitrobenzene, chloroiiitronuphthaleue and ammonium nitrate, 
and rack-a-rock (potassium chlorate and nitrobenzene) ; also 
picric acid jiowders consisting of a mixture of a pierate with 
potassium nitr.iie or chlorate. 

Picric acid (see Vol. II., Chap. XI 11.) is itself (xijiable ol 
detonation, and is the main constituent of tiio French Covorn- 
ment explosive, Melinite, as well as of the English explosive, 
Lyddite, the melted picric acid being poured directly into the 
shell, and a gun-cotton primer in.serted. It iias been found, 
however, that picric acid #ttaclv^ the metal of the shell with 
the formation of unstable jiicrates, and hence am j^ionium pierate 
is now largely used insteac^ of the free acid, the corrosive action 
being much less. 

Mixtures of li(iu^d oxygen with charcoal, petroleum, sulphur, 
and other oxiifisable substances have laitely been tried and 
found to act as high explosive.^ They are generally incon- 
venient, however, as, owing to the impiacticability of trans- 
porting liquidfjxygen, th*. latter yiMst be j)repared on the s))ot.^ 
For extensive tunne^ ng and n.iii.ng operations explosives of 
this class may prove of value. I 

For detonators, mercuric fulmina^ft is invariabW employed. It 
is prepare/ by acting on 1 part by ^eigbt ol mercury with 
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10 parts by weight ot nitric acid (specific gravity 1*4) in the 
cold, the solution being heated to 55° C. = 130° F., and poured 
into 8 3 parts by weight ot methylat(?d spirit. A very violent 
.a<;tion arises, and the fulminate separates in crystals, which 
aie filtered off and washed. Tliti finished product is a white 
crystalline powder, which is very easily exjdoded by friction or 
percussion unless it contains upwards of 10 per cent, of water. 
The detonation temperature is about 150° to 200° C. = 302° to 
352° F. The equation representing the decomposition of mer- 
curic fulminate on explosion, and information concerning the 
heat evolved, are given at the beginning of th<! chapter. For 
use for the ca[)8 of military and sporting cartridges, mercuric 
fulminate is generally mixed with a small quantity of potassium 
chlorate or nitrate. 

Li. MATCHES. — Phosphorus. — Two* varieties of phosphorus 
of commercial importance are known, a vitreous pale yellow 
substance, crystallising in the regular system, and a red body, 
generally supposed to be amorphous, but recently alleged by 
Ketgers to form hexagonal crystals. The former has a specific 
gravity ot 1*83 and melts at 44° 0. = 11 1° F. and boils at 290° C. 
= 554° F.j it is soluble in carbon bisulphide, is easily inflamed 
i)y friction, and oxidises spontaneously in air at the ordinary 
t<'mperature. It is highly poisonous. The latter has a specific 
uravity of 2*14, and is not affected by heating in air below 
290° C. = 554° F. when it becomes convertial into the yellow 
variety. It is not niadily inflamed by friction. It is insoluble 
in carbon bisulphide and is not poisonous. Both varieties are 
used for making lucifer matches. 

In the manufacture of phosphorus the yellow variety is first 
obtained. The raw material is phosphoric acid, which is pre- 
pared from a mineral calcium phosphate (see Manures^ Vol. II., 
p. 117). Formerly, phosphorus was made from bone-ash, but 
this source of supply is more costly than mineral phosphates. 
The finely ground mineral is mixed in a wooden vat with 
sufficient chamber vitriol (see Sulphuric Acid, Vol. II., p. 15) 
to convert all the lime of the minpral })hosphate into calcium 
sulphate, the Hquid being heated with open steam. 

Ca3(P04)s + 3H,S04 = 3CaS04 + 2HsP04. 

When the reaction is complete, the conten.ts of the vat are run 
into lead-lined filteulng pans, and the solution of phosphoric 
acid, which should have a specific gravity of 1*17, is allowed to 
run through. The calcium sulphate is washed until the filtrate 
has a specific gravity of 1*01. The calcium 8«;lphate retains 
some calcium phoaphaie, as shown by the following analysis 
(Reac^nan), and is known as phosphatic gypsum : — 

* So-called “scarlet .phosphorus " has lately been prepareil (see p. 438). 
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Calcium sulphate, 7ri4 

Calcium phosphate, O'oG 

Siliceous matter, 12i0 

Ferric oxide, alumina and organic matter, . 5’i>5 

Water . . 4 ‘65 


100 00 

It is used as a “drier” by manure makers. The liquor is 
evaj)Orated in lead-lined tanks, containing^ lead worms tlii’ougli 
which high-pressure steam is passed, and provided with agitJitors. 
During the concentration, calcium sulphate is deposited ami is 
removed by liltration. 

The concentration is pushed until tlie liquor lias a sjuicilio 
gravity of DOHh to D5, according to the reducing agent subse- 
quently used, the weaker liquor sufficing when sawdust is em- 
])loyed and the stronger being requisite for eok<‘, or ohareoal, 
which ar() less absorbent. The phosphoric acid is now mixed 
with the r(}ducing agent, wliieh is som<* form of carbon, in 
quantity amounting to about 25 ])er cent., charcoal, coke, or 
sawdust being used as stated abov(‘. Tlie wet mass has to be 
dried in iron pots or muffie furnaces, and is stored in air-tight 
iiori vessels until required for distillation. During the drying, 
tlie phosphoric acid loses water and becomes metaphosphoric 
acid (HPO;,). In tlie older process the distillation is carried 
out in bottle-shaped fireclay retorts about 3x1 ft. and 1 inch 
thick in tlie walls. The retorts are placed in two tiers, in a 
furnace similar to that used in the distillation of zinc by the 
Belgi.ui method (see ^inc, Vol. 1.). Iron or copper tubes are 
affixed to the lu'cks of the retorts by clay luting and are con- 
nected with the condenser, which is a long trough containing 
water beneath which the aforesaid pipes oj>en, and in which the 
phosphorus collects. The distillation is conducted at a high 
temperature, and frequent breakages of the retorts occur. 
The chemistry of the distillation may be repre.sented by the 
equat^cin — i 

4 HPO 3 + Cft = 11 * + 12 CO -f- P,. 

The average yield of refined phosphorus is not more than 
^0 per cent, of the theoretfcal amount, 'i’he pliosphorus which 
collects in the troughs, being fused, is ladled into boxes aiid 
transferred to fhe refinery, where it is n^-nielted, so tliat the 
sand and clay, with which it is mixed, separate, and the purified 
phosphorus is either squeezed tlirough, chamois leather or 
melted in a paj under a dilute solution 4 >f potassium bichromatti- 
and sulphuric acid. WitJi this or Jjt is agitated and heated 
by steam coils, and is finally washed with hot water, filtered 
through canvas and re-moulded in^o sticks or wedges, which are 
packed in xfater in tin-plate boxes for tjie marlAt. On account 
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of the hic;h tonipcnitiire ii(m*(1(m 1 for the. reduction and distilla- 
tion of j)liosj)ljonis. externally fired retorts, such as have been 
descril)(‘.l, ari‘ cosily, as tln^ heat has to be transiiutted through 
their walls. Kurt her, advantaiit* cannot be taken of the possi- 
bility of displacing P.,(b, l)y SiO., .-it high temperatures by using 
a charge of calcium phosphato. sand and carbon, and thus 
avoiiiing thii preliminary maniifactun; of phosphoric acid, as 
the n(“C(;ssary temp(‘raiure cannot be attained. On account ot 
tb(‘S(! drawbacks aLleiiding the tise of retorts, internally fired 
furnaces [)r(?.S(uit. eonsidfrable in'tina facie advantages. An 
application of lids primuph' in tin* form ot the electric furnace 
(s(*e Ahuninlnm, Vol, 1.) has been made by Headman and 
ihirker, wdiosii apparatus consists essentially of an iron box 
lined with flnt brick, provided wiih carbon electrodes at its 
lower {)arl, and a lioppei' and f-usling screw and an exit tv be 
at the upper. Tlie arc is o^rablisbed by small imb'penderit 
electrodes, and inaintaine»l by t.he large electrodes, phosphorus 
being volatilised in the ordiiiarv manner. The charge consists 
of mineral pbos{>hat(‘, .saml ami coke, and it is claimed that a 
yield of 86 per cent, of the total phospliorns is obtained. The 
advantages of the electrical imaliod of heating are so great that 
the use of the electric furnace for making phosphorus has 
practically superseded the older mode ot distillation in retorts. 

Red Phosphorus. — The manufacture of red phosphorus is 
conducted by heating ordinary phosphorus in a cast-iron ])ot 
heated at 210'’ to 250" 0. = 464“ to 482'" b]. by a sand hath. The 
pot is provided with a screw cover and a tube for the escaj)e of 
air at the beginning of the operation. This tube is sometimes 
trapped with mercury or water, and is closed by a cock when 
the displacement of the air is complete. The conversion of 
yellow into red phosphorus takes place more rapidly when it 
is heated under pressure at 300“ C. = 572'" F., but the risk of 
the operation is greater than when a lower temperature i.s 
employed. By this process the yellow phosphorus in converted 
into Inird lumps of red phosphorus ; grinding under watgr end 
extraction of unaltered yellow ph<i!5f)liorus by Imiling under 
caustic soda soKitiou, followed by thorough washing, finish the 
manufacture. w 

Matches. — The chief use of all the varieties of phosphorus? 
is in the manufacture of matches, for which p^irppse it is adapted 
by its easy inflam inability. The particular explosive mixture 
which is used for the heads of matches must be of such a nature 
that it can be ignited by slight friction, either on any rough 
surface or on one that li'iis bfiem speciaHy prepared. Such sensi- 
tiveness is most easily attained by the use of phosphorus either 
for thif^head composition or for the prepared surface. 

Matches may roughly ola^ssified as “common” and “safety’^ 
matches, according a'k th3ir ignition is due to the use of yellow 



LUCIFER MATCHER. 


437 


or red iiliospliorus. In coniiiiun inatclies pliosphoriis is the 
chief oxidisal)le. constitU('ni of tlic explosive mixture used for 
their heads, wliilc in safety matclies sulpJnir, g(*iieral!y iu llio 
form of antimony trisulpliide, taki's its plaee. The essential 
ingredic'iits in a common mulch composition an' ;—( 1) yellow 
l)liosphoriis ; (2) an oxidant, such as potassium chlorate or 
nitrate; (d) gliK' or gum, s<‘rvirig Imtli as an emulsifying agent 
a?i(l as a hinding material : (4 ) indilhu’ent gritty material- c.g., 
powdered glass, to increas(‘ friction ; (o) colouring matter, such 
as ultramarine. 4’he nund)er tjf comjiositions in use is veiy 
great, but the following may he (pioted as giving sonn; idea of 
tli(‘ propoj'tions of the ingredients: — 


\’clIow pliosplioi'iis, . 

. . O'f) |iai ts by wciglit. 


cldiinite, . 

. . 4-(i 

(due, . 


. . -d 

I’(i\\'dcrc‘d 

glass, 

4 0 ,! 


The colouring matter varies according to the pndbrence of ilio 
market for wliich the matches art', intended. 

The mixture is made. );y dissolving the glue and })otassium 
cldoi'ate in warm wal<-r. gradually stirring in the phosphorus to 
litrni all emulsion and a<l(ling the ot her ingredients. 'I'lie eom- 
pusition is spread out on slabs heali'd by steam, and th<‘ match 
stem, wheihcr of weed oi' w:;\-coated thread (for vestas), dipjied 
tliereiii to form the head. W ooden mateln's an* generally primed 
bv a pn'liminarv (lipping in sulphnr or paruilin wax, which aids 
tlie ignition of the wood, tlie splints being made in doublo 
lengths and dij)]ie<l at both <mds. The dipped matches are 
allowed to dry, and are then lialviul and jiackeil. 

Wdth safety matches red phosphorus is substituted for yellow, 
but usually on the jirepared striking surfaeif only. 


tlKAP COMl'cSlTluX. 

Aiitimeny siiluliide, . 1 

eliler.itt', . 1 

(.mil iu'iifio, ... ‘2 

Powdered ^iilass, . ■ \2 


! in laiiai comi-o.sitjon, 

i ln.'(l ])li«».s]>l)<iru.s, . . 2 

j (nun araki<'. . . . 1 

I I'owiiored glass, , , 1 


As an additional prec||,ut)ojf, the sti'nis of woodeli safety 
matches are sometimes prepared hy being soaked in a dilute 
.solution of alum, magnesium sulphate or a phosphate, so tliat 
the wood may not glow after the match has been extinguished. 
The finished majeh is sometimes waterproofed with parallln 
wax. * 0 

On account of the outcry agaiu^^ t the risks run by operatives 
in match factories of contracting necrosis by exposure to the 
phosphorus ^ipour, attejiipis hayiibee#) made to prepare matcli^w 
entirely without pho^A.iorus bn,- v.itlj indifferent success. The 
best composition hitherto proposed contains lead thiosulphate, 
PbS^Og, a| the oxidisable incrediejit, potassium cliloratl servins: 
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a« the oxidiaer. A substance which is af>[)arently a now modi- 
fication of phosphorus, so-called “scarlet phosphorus,” has lately 
been pre[)ared by Scheiick by heating white phosphorus for 
some time in boiling phosphorus tribromide. This scarlet 
pliospiiorus is said to be non-poisonous and non-(‘xpl()sive, 
whilst matches made w’ith it will strik(; on any rough surface. 

Fusees are common matches with wooden or wax stems, 
provided with enlarged heads consisting of j)ow'd(^r(*d cliarcoal 
mixt'd witli potassium nitrate and a binding material, tipped 
witli an ordinary striking composition, the object of the former 
being to cause the match to burn fiercely in wind. 
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CHAITER XVFTT. 

MINOR CHEMICAL MANUFACTURES. 

This section is tlevotcd to tlie clicnii.stry of the: man ufati lire of 
sucli acids, salts, (fee., as are adjuncts to tli(‘ )>rocesses dcseril)ed 
in th(^ foregoinj^ sections. They are, therefore, mainly nianu- 
faeturers’ and traders’ chemicals, including such cla.sHes of 
substances as mordants for dyeing, solvents for oil extraction, 
an^ antiseptic chemicals for sewage treatnnmt and food presiu'va- 
tion. 

1. ACIDS. — Hydrofluoric Acid. — This substance is chi(‘l!y 
us(;d for etcliing glass, since it ha.s the unique property of dis- 
solving silicates of a refractory nature, such as glas.s. 'I’ln* 
principle of its application is the covering of the glass witli a 
resistant varnish, wliicli is then nmioved from the places to be 
etched, these being then subjected to the action of tin* acid, 
whereby the glass is dissolved and an etching, or a pattern in 
intaglio, produced. The pure aqueous acid produces ch'ar mark- 
ings on glass, whilst the gas or the aqueous acid containing a 
soluble fluoride (“white acid ”) give.s a matt surface (see Glim, 
Vol. 11., }). 175). Hydrofluoric ncid has lately found an ex- 
tending use as an antiseptic, particularly in brewing, but in the 
face of recent experiments by one of the authors, who found 
sodium fluoride to possess marked toxic properties, its emjdoy* 
ment should be adqpted with considerable caution. 

On account of the great insolubility of the fluorides of the 
alkaline earths, soluble salts of hydrofluoric acid — e.y., sodium 
fluoride — have been used as softening agents for boiler waters 
(see Vol. I.), and the acid itself has been emjdoy ed as a pre- 
cipifant in sugar refining.^ • * 

Antimony and chromium fluorides are use^ in dyeing and 
printing (see Vol. li., pp. dbL’, 353). 

, The manufacture of the acid is conducted on a comparatively 
small scale. Fluqrspar is tinely powdered, mixed with twice its 
weight of str^g sulphuric acid and ge|jiily heated in a leaden 
retort ; the gaseous hydrofluori'^ acid which is evolved is ab- 
sorbed by water ; CaF^ -h 2HF. On account 

of the solvejit action of IIF on, glatf.s, the acid is preservjg^ 
in leaden, platinum, gu^ltaperclu or “ceresin”'*’ vessels. The 

* This material is sir ply a grade of paraffin wax, and has li|tely been 
used to form bottles for pure hydroiuoric acid (see Ozokerite^oX. 11., 
p. 134). 
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commercial acid is usually very impure, containing silica and 
other solid matter in solution. The anhydrous acid, HF, is not 
an article of commerce. 

Boric acid {boracic acid) is extensively used both as such, 
and as borax, Na 2 B 407 . IOH.,0, for minor industrial purposes — 
e.g., the preparation of fusible glazes and special optical glasses; 
as a preservative of food, particularly milk and fish, and as a 
fiux in metal working (see Vol. 1.). Boric acid is a constitu- 
ent of the pigment (iuignet’s green (p. 380), and of certain 
siccatives, such as manganese borate, for preparing drying oils. 
The free acid occurs naturally in steam emanating from volcanic 
formations, and is prepared from its salts — tincal (crude borax 
from Thibet), Californian borax, boronatrocalcite (the commercial 
“borate of lime,” Na.Jbfb-^^aB^O^.lHJl^O), obtained from Chili, 
Stassiurtite or Stassfurt boracite, 6?vLg().81;2bV^lgt^l2> and pander- 
mite ( Tnrkinh boracite), 2Ca(.).3l>..0,,.41I..0. 

In TuvSeany tin; born; acid contained in steam of volcanic 
origin is colltud-ed by allowing tlie jets of steam (SOfflOlli) to 
condense in reservoirs of water built round tin; point of issue. 
Tin; water bi'comcs gradually charged with boric acid, and is run 
into a common reservoir where it is allowed to settle, and is 
theiic(‘, transferred into l(;aden pans luxated by other soffioui. 
Tin; less soluble impurities, tin' chief of which is calcium sul- 
phate, are deposited in tlncse pans, in which the liquid attains 
th(‘ specific gravity of T08, when it is run oil' and the boric acid 
allowed to crystallise. The criuh; acid (containing 80 to 1)0 per 
cent, of H^BOg) ispuriliod by dissolution in water, treatment with 
anitiial charcoal and recrystallisation. Tlie purified acid, H^BO^, 
forms unctuous crystals soluble in 25 parts of water at 15° 0. 
= fi0‘’ F., and in 2'9 parts at 100'" 0. ^ 212'" F. it loses water 
when heated to redness, becoming converted into the anhydride 
B.jOjj, a glassy transparent mass, which is fixed unless heat(‘d in 
a current of alcohol or water vapour. Jt is not as suitable ns 
borax for us(‘ as a fiux, for although metallic: borates are readily 
formed by h<;ating Ix^O., with metallic oxides, such borates are 
gc'iieraliy insoluble in excess of *3203, ,,))o rax, on tlie other hand, 
dissolvwig the.se oxides completely. When used as a preservative, 
alone or in con)unetion with salt, it appears to exercise but 
slight ])hysiologi(,*al action, no injurious effect having been 
dc'linitely proved to arise from it ; j)er contra^ it has not been 
shown to bo thoroughly harmless. Its unackno'wledged use, 
especially for milk, is illegitimate, in the absence of precise 
knowledge as to its action on the digestive organs of childien 

invalid persons. , , ^ < 

Boric acid is also won^ by beating the better qualities of 
boronatrocalcitfe with hydrochloric acid in pitch pine vats, and 
crystallising the product. A similar process is used for Staf^s- 
furtite, 'save that stilphuric acid is employed in place of hydro- 
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chloric acid, the inagiiPsiiini snlpliato boiii;!:; recovered from ili(^ 
motlior li(piors. raiidermite is also tivatcd in this manner. 

Borax is chiefly prepared hy recr\ stall isation of the natural 
crude borax, eitlier in the form of tincal fnnn (s-ntral Asia, or 
from California, the latter source Ix'ini; now the mure important. 
It is also ])rcpared hy neutralising 1 part of boric acid with 1‘1 
to parts of soda crystals; the soda is used in sliglit excess -but 
in insuflicient amount to produce the meiaboratc (NaBO.,. ! J 1„0) — 
in order that tin' crystals may be well formed ; to th<' same end 
tlie liot liquor is allow(‘d to eool very slowly. Th(i latter practice 
is general in relining Itorax, from what<!ver source it ia ohtained. 

'I'ln^ (hposits of crude borax found in California have an average 
composition of sand, oO per cent.; .sodium sulphate, l(i per 
cent.; sodium chloride, 12 per cent.; sodium carbonate, 10 per 
cc#,t. ; borax, 12 per cent. 'I’his material is worked up hy sim])lo 
dissolution in wat(*r, dccatitation from (he insoluhlc matter and 
slow crystaliisation, impure borax being tlnis deposited ; this is 
n'crystallisca], yiehling retined l)orax. 

Another sourc<^ of borax is tiza, Na.,r..O.. !81l.,0. 
Tliis is boiled witli sodium eaiboiiat<‘ in slight excess of the 
ealculabal (iiiantity, caiciiini carbonate being tbrmed and borax 
going into solution ; the liquor is si])honed olf and crystallised, 
yiedding a criid(‘ l»erj x conlairiing 40 to 50 per cent, of pure 
borax, 40 per c(uit. of sodium sul[)hat(‘* and 10 per cetit. of 
sodium cbhu’idc.* Keeiystallisal ion yi(dds eonunercially pure 
borax. 

Ibvo forms of comiiHurial borax aia^ made, the ordinary 
prismatic borax, NaJbfh.lOlUi, manufactured by the above 
proce.ss, and an octahedral variety, Na,bj(C.5iI.,(), which is 
prepared by crystallising a strong .sfdution, of spccillc gravity 
1'246, the deposition of crystals l)cgiiiniiig at 70” 0. ^ 174“ C., 
and ceasing at 56° (4. == lo.'j' h’., Ixdow which prismatic })»)imx 
begins to separate. The latter form is less common cominer- 
eially than tlie foniicr, altljoiigh pi-efcrable to it in respect of 
the xj^uantity of water it (amtains (diminishing cost M trans- 
port) ; it also fuses witii les? intuim*scei)ce than noes the 
j)rismatic liorax, and is thus better tith'd for ^ise as a fliix (s(;e 
Vol. I.). It absorbs wa^er from tin- air, b<‘coniing converted 
• into the prismatic variety. 

Arsenic Acid, Tlie raw material for this substance 
is always ars^iiiojs anhydride, variousljr known as “arsenious 
acid,” “ arsenic,” white arsenic ( vs/lg), which is a bye-product 
ol the metallurgical treatment of arsenical pyrites and n;ckel 
and cobalt .ipeiss {q-v.)^ The fume, condensed in 

flues of tlie roasteis used in smelting* tin or copper ores (which 
usually contain arsenical pyrjtes), is mixed with sootharsenic 
soot) whe^ the roastmg is conduf^ed in direct contact w^th the 
* Derived from impurities in Ae t/la. 
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iurnace gases, but is fn'o from this impurity when roasting 
in muffles is adopted, 'flu; wliitt? arsi'iiic; is purified by 
r<;sublimation, either in a furnace fed with smokeless fuel, or 
in pots heated externally and connected by short flues to a 
condensing chamber sufiiciently close to the furnace to reach 
the softening point of the sublimed white arsenic.’^ The glassy 
mass (vitreous arsenic, arsenic glass) thus obtained, becomes 
opaque and porcelain-like on keeping ; it is generally ground for 
sale, and is used in glassmaking (q.v.), as an antiseptic for pre- 
serving skins, and, dissolved in glycerin, as a mordant in calico- 
printing. 

The conversion of white arsenic into arsenic acid is efl'ected 
by boiling 4 parts of As^Og with 3 of nitric acid (speciflc gravity 
1-35) and evaporating the solution to dryness. The oxides of 
nitrogen evolved in the process are oxidised by air in the presepce 
of water, and the nitric acid is thus regenerated. Arsenic acid 
finds its greate.st use as a substitutt^ for tartaric acid in calico- 
printing, and as an oxidant in the preparation of rosaniline 

(}.«.)• . 

Sodium arsenate is prepared directly by heating a mixture of 
•white arsenic and sodium nitrate ; the salt is used as a mordant. 

Phosphoric acid, H3PO4, is prepared from a mineral phosphate 
as a preliminary to the manufacture of phosphorus (see Explosives 
and Matches, VoL IL, p 435). It is sold in the form of a syrupy 
liquid, with about 80 per cent, of II3PO4, and usually contains 
traces of impurities derived from the mineral phosphate. When 
heated until white fumes are evolved, the liquid is converted 
into metapliosphoric acid (glacial phosphoric acid) which is used 
as a discharge in calico-printing. 

Sodium phosphate is prepared by adding sodium carbonate 
to Crude phosphoric acid, in the proportion indicated by the 
equation — 

H3PO4 + NaaCOa = NaaHP04 -h HaO + COj. 

Any lime present in the phosphoric acid is precipitated as 
carbonai/’e and removed ; the Oi^ear liquor is evaporated until 
it crystallises; the salt has the composition Na2HP04.12H20, 
and is known as I'hombic phosphate of soda, from the sliape of ita 
crystals. 

Formic Acid, HgCOj, is used in tanning and dyeing. For- 
mates are now made by Goldschmidt’s process, which consists 
in heating sodium hydrate to 150” to 170° C. = 302° to 338° F. 
with carbon monoxide under a pressure of 6 to 7 atmospheres, 
yield is stated to be theoretical. 

Oxalic Acid, H.2C2O4. — This acid id a product of the oxida- 
tion of many non-nitrogenous organic matters. It is most easily 

* This incipient fusion is rendered possible by the fact that the sublima- 
tion 'occurs in an atoiissphere of As40a. 
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prepared by the use of nitric acid as an oxidant, such diverse 
materials as sugar, woody fibre and hydrocarbons yielding a 
portion of their carbon as oxalic acid. Sugar, starch and nitric 
acid were the original raw materials, but in modern practice 
sawdust is oxidised by air in presence of caustic alkali. The hcst 
alkali, from the point of view of initial cost, would be caustic 
soda, but it is found that a yield of only 33 per cent, reckoned 
on the weight of the wood, is obtained when this alkali is used. 
When potash is employed, on the other hand, tlio yi(!l(l rises to 
81 per cent, and equal parts of potash and soda give almost the 
same yield (80 per cent.) ; a mixture is, therefore, always adopte<l. 
Soft woods, such as pine freed from resin by previous digestion 
with caustic .soda solution, give the best results, as much as 
95 per cent, of oxalic acid, reckoned on the weight of the dry 
wood taken, being obtained. Hard woods, such as oak, yit ld 
only 83 to 85 pen* cent The alkaline liquor employed has a 
specific gravity of about 1*35, and is mixed with sawdust in tlie 
proportion of about 1 part of .sawdust to 3 of mixed NaOlJ 
and KUH : tlio pasti is spread in a thin layer on an ii*on |)Iate 
heated in a furnace to a tempe*rature of 250° 0. - 482° F., until 
a uniform whiti.sh melt results. This mass contains nii-\«'d 
oxalates, and is leached with water; the solution is evaporated 
until sodium oxalate crystallises and can be separated in centri- 
fugal machines. The crude sodium oxalate is dissolved in l)oiIing 
water, and the solution is heated with milk of lime for .some hours; 
the liquor must be tolerably dilute to ensure decom[)osition of 
the sodium oxalate by tlie lime, the reverse reaction occurr’iiig 
ill concentrated solutions (c/. Causticisvig sodium carbonatn; 
Alkali, Vol. IT., p. 35), The caustic liquor is drawn otf from 
the calcium oxalate and used afresh ; the calcium oxahiti^ is 
decomposed with ejcce.ss of sulphuric acid, 3IT.^SO^ : ; 

the calcium sulphate is filtered off and tlie solution concentrated ; 
the rest of the calcium .sulphate first separates, and fairly f>ure 
crystals of oxalic acid, 1120.^04.21120, then form. 'J’hey are ndimsl 
by recrystallisation; the motlier liquors containing IJ2SO4 are 
used^for the next batch. ^ • • 

The commercial acid may contain acid oxalates not completely 
decomposed by the sulphuric acid used in its fireparation, and 
Jias been known to contaifl heavy metals— e.y., lead. Sulphuric 
acid and sulphates may also be present. It can be sublimed, 
and is very pftisonous. Oxalic acid is ^hiefly used in calico- 
printing as a discharge ; it is als* a solvent for Prussian blue, 
and thus forms a constituent of some inks; it bleaclies tiax and 
straw ; it is^used as an ecid dejergyn^ for articles made 
copper and its alloys * • 

The acid oxalates of potassium {Sahs of son'd, salts of lemon, 
KHCjO^ and KHC2O4.H2C2Or4.2H2O) are made by ad|iing to 
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oxalic acid the api)ropriatc proportions of potassium carbonate, 
and crystallisini,^ and arc used as domestic detergemts. 

Antimony potassium oxalate, K.jSl)(CU)^)3.6HoO, is used as a 

substitute for tartar emetic in calico printing. 

Lactic acid, J igC^O^.— Of the isonierides, the ordinary lactic 
acid, or ethylideiie lactic acid, C 1 J 3 .CH(OH).OOOH, is that 
commercially produced, and is generally prepared by fermenting 
maltose with the lactic bacillus. A masli of starchy material, 
such as maize, is treated with malt to conve rt tlu! starcli into 
maltose;, and mixed with a cultivation of the bacillus ; the 
teaiiperature is kept at about 50“ C., and chalk is stirred into 
the mixture to neutralise the lactic acid as it is })roduced. The 
solution of calcium lactate thus obtained is mixed with sufficient 
sul})huric acid to precipitate the; calcium as sulphate, and after 
filtration the dilute lactic acid is concentrated in a vacuum p^n 
to about no per cemt. strength. In this form its specific gravity 
is 1'2, anil it finels application in tanning and dyeing. The 
I'csidue from Avhiskey stills, “ pot ah*,” lias also biaui suggested 
as a source (sec Jirewhuj and DiislUliny, Vol. 11., p. 226). 
Antimony lactate is used as a substitute for tartar emetic in 
dyeing and calioo-firinting. 

Tartaric acid, C2H.2(01t)o(COOn)3, is a bye-product in the 
manufacture of wine, being depositid as argol, crude hitartrate 
of jiutash (contaiuiiig about 60 per cent., the rest being yeast 
refiisi; and organic ddiris deposited during fermentation), its 
deposition being favoured by tlie fact that hitartrate of potash 
is sjKiriiigly soluble in dilute aloobol. Much argol is extremely 
crude, and its content of tartaric uciil has to be raised by 
r{‘crystallisatioii bi'fori; export, the product being known as 
tartar. This is worked up for tartaric acid by taking advantage 
of the insolubility of calcium tartrate and calcium sulphate, 
riie crude tartar is boiled up with water coiilaiiiing chalk, lialf 
tlie tartaric acid being thus converted into thi' insoluble calcium 
tartrate ; calcium sulphate is then added, giving calcium tartrate 
with the remaining half of the tartaric acid, previously jiresent 
as neutral potassium tartrate. •'•The total precipitate of caltium 
tartrate is strained through a sieve to remove wood fragments 
and similar gross impurities, and is then filter-pressed and 
washed. A treatment with sulphuric acid converts the precipi- 
tate into tartaric acid and calcium suljdiate, the latter depositing 
and the former being drawn olF and boiled dowL, preferably in 
a vacuum pan. An excess of sulphuric acid must be present to 
favour the formation of good crystals. The evaporation is 
.generally conducted in lead vessels, causing contamination of 
the tartaric acid with this metal. The' solution, separated from 
the calcium tartrate as described above, contains the potash of 
the original tartar as sulphat^ and is evaporated for the recovery 
of tliig'salt. 
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The commercial tartaric acid is the dextro-rotatory varii-ty ; 
three other tartaric arids exist, but are of no commercial im- 
portance. Ordinary tartaric acid is soluble in 0*7 part of cold 
and 0‘5 part of boiling water; its aqueous .sohitions are gradu- 
ally decomposed from the growth in them of fungus. It is UM*d 
in dyeing and calico-])rinting, for elfervescing medicines, bahing 
powder and similar preparations. Calcium sulphate, free, .-sul- 
phuric acid and lead (as mentioned above) arc apt to be present 
in commercial tartaric acid. 

Citric Acid, C 3 ir^(OH)(COOH) 3 , occurs in the aeid juices of 
many fruits, but is cominereially o(»tainrd from the lemon, the 
lime and the bergamot. 'I'Ik- fruits an* j tressed and the juice 
concentrated before importation into tliis country. Citric aeid 
occurs to tlie ('xtont of about H per cent, in lemon juice a?id 
40^)er cent, in the comu-ntrated juice, 'flie concentrated juice 
is run into a mixture of chalk and water, aiul the, li<juor is 
heat('d, calcium eilratt' being pn‘ci[titate<l ; ali.(‘r fiHi-alion the 
calcium citrate is treat(‘d similarly to the <;alcium tartrate ob- 
tained in the manufacture of t-i.rtaric acid {v.h.). 

The coniiuereial aeid is liable to contain the sanu' impurities 
as those in tartai-ic acid. Its uses are similar to thosi‘ of tartaric 
acid. 

Tiirtario and citric a. ids iutendeil for u.sc as food or medithues 
should be free fi'f)m lead. This impurity is found both as scraps 
of metal derived tVom the scraping ol tlu^ pans us(hI in concen- 
tration and also combined with tlie acid. VurifK'ation irom 
lead is effected by conducting the pn'paration in tlie usual 
manner up to tlu^ first ery.sta,ilisatiou ul the aeid, rcdis.solving 
the product, treating it w'ith ,sulphnrett(>d hydrog<-n and com- 
pleting the erystalli.salion in non leaden vos.sels. Since It-ad 
sulphide is by no jneans complctidy in.soluble, in tartaric and 
citric acids, a better method would consi.sfc in the avoidance of 
the use of leaden ves.sels thiougliont tin; manufacture. 

Benzoic acid, Cftll^f'OOll, was originally prepared from gum 
benzoin— in which it exi.stsal;vady formed— by sublimation; that 
usetf for medical puri)osc.s sti Unprepared in this manner. It is 
also manufactured from hippuric acid, 11^0,11^00)00011, 

by boiling the urine of herbivorag which contains this acid, with 
• strong hydrochloric acid ; the hippuric acid undergoes hydrolysis 
according to the equation — 

CH2NH{CoIT* 5CO)COOH + HOH = CH2N»2COOH + CsHsCOOH. 

Hippuric acid. Glycocoll, Benzoic acid. 

The benzoic^acid crystallises wjien.tlie liquid cools, beij^q 
sparingly soluble in cofd wafm^ the^ origin of the crude acid 

is suggested by its odour. , i • i ■ 

Much benzoic acief is now made from coal tar, tolueile being 
Chlorinatffi and the products liySrolyaed .by foiling witllvitor 
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under pressure. Most of the benzoic acid required for the manu- 
facture of synthetic dyestufis is obtained as a bye-product in the 
conversion of benzal chloride into benzaldehyde (q^v.), much of 
the benzaldehyde being oxidised during the process into benzoic 
acid or its calcium salt. Benzoic acid prepared from coal-tar almost 
always contains small quantities of chlorinated compounds. 

Salicylic acid, 0^11^(011) . COOH, is obtained in limited 
quantity (“natural salicylic acid”), for special medical pur- 
poses, from methyl salicylate (oil of wintergreen) by hydrolysis. 
The bulk of the commercial acid is, however, prepared from 
phenol. This compound, CgH^OH, is converted into a phenylate 
by heating it with soda or lime, and the product is submitted 
to the action of CO.^ at the ordinary temperature so long as the 
gas is absorbed ; sodium phenyl carbonate, C0(0Na)(0CgH5) 
(or the calcium salt), thus formed, is heated under pressure, at 
120'" to 140° 0. = 248° to 284° F. The salicylate produced (e.q., 
(!,jll4(OH)COONa), which is isomeric with the sodium phenyl 
carbonate, is converted into salicylic acid by treatment with H(Jl. 
I’he acid crystallises in needles and dissolves sparingly in cold 
water, but readily in hot water; it melts at 155" 0. = 311° F. 
It is used in large quantities for preserving articles of food or 
<lriuk. Its physiological harmlessness is not beyond question. 

Saccharin is a benzoic acid derivative, used as a sweetening 
agent. It is prepai ed by treating toluene with sulphuric acid at 
a temperature not exceeding 100° C. = 212° F,, when a mixture 
of ortho- and para-toluene sulphonic acids, 0(.H4(CH3)S020H, in 
about (Hiual proportions, is formed. The mixture is oxidised 
with dilute jmtassium permanganate solution, yielding the 
corresponding benzoic acids, 0gH4(COOH)SO.20H. The potas- 
sium salts of these acids are treated with phosphorus penta- 
chloride, giving chlorides of the form, CgH4(C001)SO.,Cl. On 
treating these bodies with ammonia, the para-derivative yields 
the diamide, CgB4(C0NH.,)S02NH2, whilst the ortho-compound 
gives ammonium orthosulphamido-benzoate, 

^ C6H4(802NH2)C00NH4. 

These are separated by the greater^ solubility of the latter in 
water ; its aquf.ous solution when decomposed with an acid, 
/CO . 

yields saccharin, CgH^/ anhydro-orthosulphamido- 

" SO,/ 


benzoic acid, or benzoic sulpbimide. Several similar sweetening 
substances are now synthesised commercially.* 

* The use of saccharin has recently been much restricted by the iraposi- 
t'Tv.n of very heavy duties on 11 in the interestr of the sugai' manufacturers. 
In Cermany its use is altogether forbidden by law, except for medical 
purposes, the makers of saccharin having received compensation from the 
( iovernihBnt. It should be said that saccharin remains entirely unabsorbed 
by t^ie animal systeip ; sugar, on Che other hand, possesses a b gh value as 
a food constituent. 
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II. SALTS.— Chromates and Bichromates.— The source 
of cliromium for tho manufacture of these salts is invjiri.-ihly 
chrome iron ore {chromite)^ which, when pure, is a ferrous 
chromite, FeO.OroO,^; average samples contain 40 to 50 per 
cent. CroOa. The FeO is often replaced hy other oxides of tho 
same type, especially MgO, as seen in the following example : — 
CV^Og, 51-20; AI0O3, 12-80; Fe.,03, 145; FeO, 13-32; MgO,, 
12-55 ; CaO, 3*15 SiO,,, 4*95 ; CO,, 0 20 p.T cent. 

The prei)aration of chromates from this material depends upon 
tlie fact that 0r.,Og in tlie presence of air and a strong ba.se, is 
readily converted into chromic anliydride, (h'O.j, which forins a 
chromate with tlje ba.se. It will be obvious that the cheapest 
ha.sc to use is lime, hut soda a.sh ( Na.,CO.^) is generally employed 
as an auxiliary to render the mass plastic when hot, and thus aid 
reaction. About 6 parts of ore, 3 of chalk or limestone, and 3 of 
so?!a ash are finely ground and intimately mixed, and roasted in 
a reverberatory fiirtiace provided with a terraeed bed, in ordin- that 
th(f cliarge, by being rabbled from one bed to the other, may lie 
subjected to a gradually increasing temperature, and fresh 
surfaces may be exposed to the air. Mechanical furnaces are 
now used fur this purpo.se. Genth; healing is napiisite at first 
(this occuiring on the liighest portion of the bed) to prevent 
llnxing liefore efficient oxidation has taken place. When this 
operation is propeny conducted, coiiver.sion into chroinaie i.s 
almost perfect, the e.ssential reaction being expressed by the 
following e(]Uiition : — 

2iFe0.Cr203) + 4C'a() + O7 = FcgOs + -ICaCrO^, 

the roasted ina.ss is r(nnoved from the furnace, when it consists 
largely of ealeium chromate and sodium chromate, together with 
ferric oxide, dci ived from the oxidation of the ferrous oxide of 
the ore ; it is then heated with a solution of soda ash, whereby 
the calcium chromate is transformed into the sodi\im salt, 
NagCrO^,’^' and the ealeium left as carbonate. The solution is 
filter-pressed from the sludge, and evajmrated until a .specific 
gravity of 1-5 is attained. S^^lpliuric acid is then afldcd in 
quantity sufficient to con^^rt the sodium cliroraate into bicbi-o- 
mate, anhydrous sodium sulphate being thrown down ; tho 
, solution is evaporated ucftil sodium bichromate, Na2Cr.^07.2I]./-), 
crystallises. The yield is about 90 per cent, of tlie calculated 
quantity. Tiie ?alt is deliquescent, and on tins account its 
j>urification by washing is less easy than it that of the correspond- 
ing potassium salt; it usuaHy separated from the mother 
liquor by a centrifugal machine and ^rted. It is often stated 
that a monetary adv nt.-fbe arir %m the use of sodium insteiid 
of potassium bichromate, on account df the lower atomic weight 

*Na2CrQ4 crystallieels with 10 raols.^of water, and is isomorplons with 
Glauber's salt, Na2SO4.10H2O 
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of sodium increasing the percentagci content of CrO^; this is 
erroneous, since tlie sodium salt crystallises with 2 mols. of 
water, and has a molecular weight slightly greater than that of 
the potassium salt, which is anhydrous. The real advantage is 
due entirely to the difference in price of the two salts, owing to 
the cost of sodium salts being lower than that of the correspond- 
ing potassium salts. 

Potassium bichromate, K.^Cr.^O-, is pre})arcd by double decom- 
position of sodium bichromate with pota.ssium chloride. It 
crystallises in large orange anhydrous crystals, which are easily 
purified by washing or V)y crystallisation, on account of their 
moderaU} solubility. 

A modification of the method described above for obtaining 
chromate from chrome iron or(; consists in utilising the pi optu'ly 
of calcium chlorkh‘. to form a flux for lime, and to induct* its 
union with anhydrides at a moderate temperature. ^ 

A iiiKily-powdcred mixture of tin; ore and limestone is made 
into a jiaste with slaked lime and calcium chloride solution ; the 
paste is moulded into bricks, which are liretl in a kiln to caustieise 
the lime and thus caust* their texture to be porous from the 
escape of CO.,. It is claimed that exposure, to air after liring 
completes the oxidation, so that the bricks can bo systemati- 
Cidly leached, and the very soluble calcium chloride washed out, 
accompanied by comparatively little of tlie less soluble calcium 
cliromat(), whicli can lx* converted into the sodium or potassium 
salt in the usual maniu'r. 

A suggestion has lately l)een made for preparing bichromate 
from chromate by electrolysis, tin* bichromate a[)pearing at the 
anode and caustic alkali at the; cathode. 

Chromic anhydruhs commoidy called “Chromic acid,” CrOg, 
is i)reparcd by pouring a cold saturated solution of KoCr^Oy 
into strong sulphuric acid with constant stirring; the CrO.^ 
scjiarates in crystals. It is customary to substitute the crude 
calcium chromate for the potassium salt. Owing to the method 
of preparation it is fretpiently contaminated with sulphuric acid. 
The crystals are deliquescent. ^ » 

lA:)r other chromates see Pigments,'^^ o\. 11-, Chap. XV, 
Manganatescand Permanganates. — Mauganates are pro- 
duced by the ignition of any compound of manganese in the 
presence of air, and in contact with a strong base. The action, 
proceeds most readily with an alkali, although bjiryta will serve 
the same purpose, arid is indeed used in the preparation of 
Cassel’s green, a pigment consisting of barium manganate. 
An equation representing the formation of sodium manganate, 
from the cheapest form’ of liyanganes j, the dioMde, is given 
below ; — 

MnO| + 2NaOH + - Na 2 Mri 04 + H 2 O. 
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More rajiid and vigorous oxidation can bo secured by the use 
of other oxidants than air— c.y., nitrate or chlorate. 

The alkali inanp^anatos prepared in this way are stabh' in 
strongly alkaline solutions; such solutions of inanganates are 
green ; manganates cannot be crystallised from solution, however, 
because in pure water they break up in the following manner : — 

SNa^MnO^ + ‘JUp = Na,Mn,()H -f- MnO, + 4NaOir.* 

Sodium permanganate, thus formo<l, is not easily crystallised, 
but the potassium salt, K.>iMn.,Oc;, crystallises readily in reii 
prisms; it is similarly pn^pared. The maiiLjanates ami perman- 
ganates are used as oxidising agents ; thus sodium maiiganate, 
being the chea[)est, serv<*s as a disinfectant. When the alkalinity 
essential to the preservation of a manganate is objeetionable, 
potassium permanganate is substituted for the sodium salg, 
as*it can bt; j)r(!pai’ed in a stal,(! of purity. Potassium perman* 
ganate is also uscmI for pnalueing inangane.s(‘ brown (hydrated 
-MnO, 2 ) on cotton fabrics, ;»,ml also for staining wood ; both uses 
depend on the eas(‘ with whieh pc'rinanganates are reduca'd by 
organic substances. 

Sulphates.— Blue Vitriol or Blue Stone, Copper Sulphate, 
0uS() 4.5H.,O. -d'his salt is mainly a bye-}>ro(luct and may Im' 
prepared in a variety of ways aceonling to the raw material 
available. Thus it may be prepan^I by the direcr- dissoinlion 
of eopper in sulphuric acid, as in the part'ng of gold from silver 
and copper liy tlui action (»f boiling oil of vitriol. When silver 
and gold alone arc parted by sulphuric 1 cid, the silver is re- 
covered by precipitation with copf)er, an etpiivalont of <M)p[)er 
sulphate being formed ; a consid(n'ablo quantity of pu?‘e copper 
sul|)hate is thu.s obtained. In order to save acid when copper 
sulphate is the main product, the |)r(q>aration may be, etfected 
by treating granulated copper, spn jul on the. ]n‘rforate<i false 
bottom of a suitable ve.ssei, witli a spray of dilute sul])huric 
acid, which gradually attacks the co})per in presence of air; the 
copper being oxidi.sed at the expen.'-e of the air instead of at 
that»of the sulphuric acid. Lar^o quantities of coj)per s^ilphate 
are obtained from the selecfioa vats used in electrolytic copper 
refining. 

Advantage hi also tak^ii of the ease with which copper sul- 
'phide can be oxidised to sulphate by air at a dull red heat. 
Thus scrap copj^er may be heated with sulphur and then oxidised 
by roasting, or cTude sulphide of copp^' obtained, in the dry 
process of winning copper mc} lie similarly oxidised. Copper 

• 

* The whole tlu man^aoeso cm outlined as a perniang.in.ato 
treating the manganat wiih*chlor , i \ hro’jjine, thns: ~ 

2K2Mn04 + Cl, 2KCI -t- KoMnaOg. 

Compare th<| production of K 3 FeCy« fr^sa K^FeCyg. 


29 
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sulphate from this source is'Kable to contain both iron and 
nickel. When a product free from iron is required, the tempera- 
ture of the roasting is raised to such a point that any sulphate 
of iron is decomposed, leaving ferric oxide as an insoluble resi- 
due easily separated from the copper sulphate. Sulphates other 
than ferric sulphate — e.g.^ ZnS04.7Il20 — have a strong tendency 
to crystallise ■with copper sulphate an<i form mixed salts. This 
arises from the fact that the members of the class of sulphates 
known archaically as the vitriols, tend to crystallise with the 
same number of molecules of water, either THoO or 5 HoO, and 
to assume the same form. Since ferric sulphate is not a “vitriol,” 
iron may be separated from copper sulphate by oxidation and 
crystallisation. The chief uses of copper sulphate are the pre- 
])aration of agricultural germicides, the production of a black 
dye with logwood, and the ])i;eparation of electrolytic baths. 

Ferrous Sulphate, Copperas, or Green Vitriol, FeSO^.TIIoO. — 
The chief supply of sulphate of iron is obtained as a bye-product 
in the manufacture of cement copper, by precipitating this metal 
from a solution of its sulphate bv means of scrap iron (see Coppery 
Yol. I.). It is also obtained by the direct treatment of iron 
scrap with sulphuric acid, especially the spent acid left after 
the {)rocess of purifying mineral oils (q v.). It is, moreover, a 
bye-product of the manufacture of alum by the oxidation of 
pyritic shale. The ferrous sulphide left by distilling iron pyrites 
for the sake of obtaining a fraction of its sulphur (see MphuTy 
Vol, II., ]). 1 ) is also weathered and leached for ferrous sulphate. 

The solution, ho\/ever obtained, is allowed to crystallise on 
wooden rods, and is put upon the market as green vitriol. 

Black vitriol is a term applied to a very crude sulphate of iron 
containing the sulphates of copper and nickel and some ferric 
sulphate. It is a bye-product in the precipitation of copper in 
the Mansfeld process. A factitious black vitriol” is prepared by 
staining common green vitriol with a little gallo-tannic acid. 

Green vitriol readily oxidises in air, losing water at the same 
time and becoming converted into basic iron sulphate, brown in 
colour and incompletely soluble in water. When crystallised 
from an acid solution its tendency to oxidise is diminished. 

The chief uses of ferrous sulphate are as a co-colouring matter 
for logwood {q.'v.)y as a sewage preclptant and disinfectant, foi;* 
making inks and as a reducing agent — e.g.y in the preparation of 
the indigo vat. It i^ soluble in about one ‘and' a-half times its 
weight of cold water. 

Ferric sulphate, Fej(S04)3,'is now prepared to some extent by 
f^he oxidation of pyrites and treatment with sulphuric acid, the 
product being used as a subotitute fCr aluminium sulphate for 
the defecation of sewage. 

Ziifc sulphate, white vitriol, ZnSO4.7H.2O, may be prepared by 

Inching roaster’ z'"*' onlnKidp nr hv dissolvincr :^,nc scran in 
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sulphuric acid. It finds a limited use in the preparation of 
pigments — e.g.^ Orr’s wliite zinc (y.i'.) — in calico-printing and 
dyeing, and as a drier for oils (fy.r.) ; its use in pharmacy is 
chiefly as an astringent. 

Aluminium Sulphate. — This is used both per se and in the form 
ot alum. The name alum primarily applies to potassium al- 
uminium sulphate, K A 1 (S 04 ).. but lias been extended in 
signifiennee to all salts of the type kll'"(SC),)..rj}IoO which are 
isomorphous. 

Alum can be prepared from most minerals rich in alumina, 
but a few offer special advantages. Particularly is this tln^ case 
with the min(Tal known as alum stone {ulunite), which contains 
an anhydrous double sulphate of aluminium and potassium asso- 
ciated with aluminium hydroxide. An analysis of such mab'rial 
is Its follows ; — 

Tor cent. 

510.. , i:i-4 

Al.Oa, 

K.U, 12'') 

50., :{()o 

VV.,0., (CO,-) 

li./o, 8-6 

TliC preparation of alum is effected by roasting this alum 
stone at a temperatur * of about 5U(P 0. - 932^* R, and (fxtracting 
the roasted product with sulphuric acid (specific gravity To), 
th(‘ •solution being then allowed to crystallise. When wat(‘r is 
used to leacli th<* roaste<i stone, the bssic double suipliate efthe 
form Iv/ hS(J^. Al^Oy.28<)y is produced ; this crystallises in cubes 
instead of the oetahedra characteristic of ortlinary alum, and on 
account of its basic constitution is neutral in reaction, whereas 
ordinary alum is acid to litmus. On tlii.s account it is used in 
some cases where acidity is objectionable. 

Pyritic shale is another source I’roni which alum can be pre- 
pared. Some of this, particularly that of South Lancashin^, is 
.suiliciently carbonaceous to serve as its own fuel in the burning 
]iroc<iss necessary to bring abou^ the oxidation of the pyrites 
destined to furnish the sulphtric acid which attacks the aluminous 
material (clay). The sulphate of alumina thus foniuied is extracted 
by systematic leaching, a portion of the sulphur remains 
In the form of ferrous sulphide, after roasting, long exposure to 
air before leaci^ingiis advisable, so that the oxidation of this 
ferrous sulphide may yield ferrous sulplftite, which is useful in 
the conversion of the alumiii’ im sulphate into alum {v:i). 
The solution of crude aluminium sulph&te is evaporated in 
tanks over w^ich the l^ot gese# •of a reverberatory furnace 
are led, and when s;iiuciently cuncentriPted (e.^., specific gravity 
T4), the solution is ^ transferred to precipitating tank* and 
treated witja potassium chloride or*»ulphate, alj|m being tnroijrn 
down. Potassium chloride (the cheaper jfiaterial) can be used 
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when sulphate of iron is present to yield with it 

potassium sulphate, and iron chloride. The crude precipitate 
is purified by crystallisation. Alum is chiefly prepared now- 
afJays from aluminium sulphate, which is manufactured by 
decom])Osinj;; clay with sul])huric acid. 

The clay should 1)(‘ frec^ from calcium carbonate, which con- 
sunu's I l.,S(.)^ useh'ssly. When a “fat” clay — e.g.^ china clay — is 
used, it should he dehydrated by gentle roasting to render it 
jiorous. It is trea1(‘d with 112^0^ (specifle gravity 1-5) in lead 
pan.s, and th(‘ inas.s allowc'd to solidify; this is either sold as alum 
cake, containing th(‘ bulk of the silica of the clay, or it may be 
purified and soli! as sulphate of alumina, or used for the prepara- 
tion of alum. 

Alum contains about 10 per cent, of alumina; alum cake 
contains about 12 pm* <-ent. of AUOg and 22 per cent. SiOgr 
'fhe chief advantage of alum is that, having been crystallised, it 
is purer than other aluminous products. For most purposes 
both alum and alum cake should be as free as jicssible from iron 
and uncombined sulphuric acid. A crude I'oriii of aluminium 
sulphate is sold under the name of “ aliimino-l'erric ” as a pre- 
cipitant lor purifying waters. Burnt alum is calcined alum. 

Alum and aluminium sulphate are used chiefly by the dyer 
as mordants ; they ar<‘ also employed by the paper maker and 
the leal her dresser. 

Ammonia alum, NFl^A 1(804)2.! 2H2O, is similarly prepared, 
(N 1 14)2804 being substituted for K28O4 in the process. 

Chrome alum, potassium chromium sulphate, K0r(SO4)2.12H2O, 
is strictly analogous in composition and crystalline form to 
common alum. It is obtained as a bye-product in the manufac- 
ture of alizarin by the oxidation of anthracene with potassium 
bichromate and sulphuric acid (see Alizarin^ Vol. II., p. 300). 
It is used us a mordant for chrome tanning, and for rendering 
substances containing gelatine insoluble. 

Potash Salts. — The fnain« source of potassium salts, at the 
present, day, is the dcposii Ibujid at Stassfurt, near Magdeburg, 
'fhe salts there found appear to ha\e resulted from the evapora- 
tion of sea wati.r, whicli has successively deposited the salts it 
contains in an ordim determined bfr their solubility, relative 
abundance and mutual reactions. The salts last to be separated 
constitute Stassfurt salts, and their occun?enc§ as an isolated 
}>atch in a bed of the commoner salts of sea water, extending 
over a mucli more considerable area, is to be accounted for by 
the escape of the bulk of the mother liquor from the remainder 
of the area, this having 'U«en bro^ight about by geological 
disturbances. Many double salts occur in the Stassfurt de- 
positn 'fhe chief* are carnallite, KCl.MgCl2.6H2O, kainite, 
l&2S04.MgS04.MgCl..6H.,(),*.kieserite, MgS04.H20^ anhydrite, 
CaS04, associated wi^h 'arge quantities of rock salt, NaCl, and 
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various minor salts, viz.: — polyhalite, MgS0^,KoS0^.20aS04. 
2 H., 0 , boracite, itc. 

The general principles of separation adopted for all these salts 
depend on the alteration of the solubility of each salt by the 
influence of the accompanying salts, and the separation thus 
iinluced either of a simple salt or of some double salt. Ily 
varying the conditions, s»dcctivc separations can be favoured. 
The chief raw material is crude carnallite, wJiioh contains altout 
00 per cent, of pure carnallite, 20 per cent, of common salt and 
15 pi'r cent, of kie.soritc, the balance consisting chiefly of an- 
hydrite. 

Tlie process now generally adopted of obtaining potassium 
chloride from carnallite, consists in tn'ating the criule maO’rial 
witli a solution containing about 20 pc!r cent, of MgOl.^ (obtained 
as a mother liquor from previous opmation.sb 'Phe carnallite 
alone is dissolved in considcrabb* (pjantitv, and (lie .solution tbus 
obtained d(‘posits on cooling ci'yslals which an? mainly I'kf'l. 
These are purified by sy.slemat ic washing, and when dried con- 
tain from 80 to !)() p(‘r emif.. of K(’l. 

The mother liquors from the potassium cliioride are evapo- 
rated in pans, having Hues passing iJirough ih«^ liquid in tlie 
manner of a locomotive boiler. Sodium chloride first .sep.'irati'S 
in crusts wliich settle on tin* bottom, thus rendering h(*;i,ting 
friuii b(*low undesirable, and tin? motlier liquor yields artificial 
carnallite (returned to the main proeicss) on cooling, d’lie final 
residual Pujiiid is rich in magnesium chloride, and is worked up 
for bromine. 

Tin? residue left in the tir.st extraction of the crude carnallite 
is mainly common salt (50 to 55 per cent.), witli much kiescirito 
(25 per cent), some potassium and inagin'sium clilorides and a 
good deal of anhydrite (10 per cent). The .sludge is chiefly 
valuable for the ‘magnesium sulphate, which it contains in the 
form of kiescrit<‘, that salt being insoluble in water until it 
passes into the form of Kpsom salts, a transition 

delayed by the presence of imignesium chloride in tin? water. 
B\*w^ashing this sludge with vyiter on to an inclined sieve, tlio 
bulk of the water flows Away wliilst suflicient pa.s.ses over the 
surface of the sieve with tlio sludge to raiM, slowly with the 
kieserite to form cakes oiblock-kieserite, containing MgSO^.SH^O 
and some insoluble matter, mainly Oa^SO^. 

Kieserite kludge is also worked up for Glauber’s salts by 
treating it with an equivalent quantfty of NaCl, which at a 
temperature of about 0" C. - F. enters into double decom- 
position on Recount of the sparing solifbility of Na 2 ‘SO^. 10 H 2 O , 
(Glauber’s salt) at low«teinperM.itres.* ’Phis process can onlj’ be 
carried out in winter, unless it be prActicable to cool artificially. 

The large quantif^^r of inagTlesium chloride obtained jis a bye- 
product hi the manufacture of petash salts.^finds little «,pplicar- 
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tion, although attempts have been piade to use it as a source of 
chlorine, as in the Pechiney process {q.v.). 

Potassium sulphate is sometimes prepared from kainite — the 
chief market for which, however, is in the raw state as a manure 
— by treatment with KCl, which reacts with the MgSO^, forming 
magnesium chloride and potassium sulphate, this last-named salt 
being easily crystallised from the liquor. It is used as a manure 
and a source of potassium salts. 

The final mother liquor from the working up of the Stassfurt 
salts is used for the preparation of bromine {q.v.). 

Although Stassfurt salts yield a large proportion of the potash 
salts of commerce, yet considerable quantities are obtained from 
other sources, the chief being wood ashes, residues from beet 
sugar and suint. Sources of purely mineral character are sea 
water, orthoclase and potash mica. 

Potassium chloride is but little used as such, but serves as a 
starting-point for the preparation of most other potash salts. 
An example of its use is afforded by the conversion of sodium 
into potassium nitrate in the manufacture of gunpowder (Vol 
II., p. 424). 

Potassium Carbonate, or Potashes, KoOOg. — The conversion of 
KCl into KgCOg is effected by the Leblanc process* (see Soda 
ash, Vol. II., p. 30), which is worked in the same manner as 
that used for soda, with a few modifications, due to the greater 
chemical activity of the base. Thus, murtles (blind roasters) are 
not used in the conversion of the chloride into sulphate, because 
of the high temperature requisite. 

The decomposition of potassium sulphate in the revolver, 
corresponding with the black-ash process, is less easily effected, 
and the product attacks the lining more readily than does black 
ash. The extraction of the roasted product is performed as for 
soda, and the liquor is evaporated to the point at which K 2 Sl)^ 
separates, followed by K^FeCy^ (resulting from the interaction 
of the potash, iron — present as an impurity — and the carbon and 
nitrogen of the coal). The crude ferrocyanide is i-ecry stall ised 
for the market. The mother lipuor is evaporated to dry 11*083 
and calcined in a reverberatory furnacf. Sometimes the liquors 
are carbonated bcrf'ore calcination, when the product contains 
some 87 per cent, of K.,COg, and is ma I'ketable ; otherwise the , 
crude potash is leached out and separated from insoluble 
impurities, and the solution evaporated to* dt;yness. ISuch 
refined potash contains ibout 98 per cent, of potash, calculated 
as KgOOjj, 

Caustic potash, KOH, is prepared from KgOOg by; causticising 
wit\i lime in the same inaifnt'r‘"iv^ is pra^itised lor caustic soda; 

• The ammonia process cannot bo uaed^ owing to the great solubility of 
potassium' jicarboiiate in water. 
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it is used chiefly for making aoit soap, and for preparing oxalic 
acid {g.v.}. 

In America, Russia, and Scandinavia mucli pota.sh (pearl-ash) 
is made from wood ashes. The percentage of potiish varies with 
the nature of tlie wood, being, for instance, about per cent, in 
pine wood, and 0‘15 in oak wood ; in most cases, liowcver, the 
))ercentage 07i the ash is about the saiiie — viz.. It) per cent. 
The wood ash is* systematically extracted in wooden v(*.ss(‘ls 
fitted with ])erforated false bottom.s, and the liquor, containing 
about 25 per cent, of salts, is evaporated in east-iron pots ; the 
residue is calcined. A good deal of sulpliate is removed during 
eva])oration. The crude pota.sb may be purilied in (lie manner 
described above; on an average it contains (iO per cent, of 
K^COg, the balance consisting of KCl, K.,SO,, and Ka., (/(),,. 

^A large (|uaiitity of potash is obtained from the rc.sidues left 
after the extraction of sugar from be('t. The l.aa't molasses con- 
tain the total potasli salts of the root, amounting to 0 5 |)er cent., 
calculated on the wcu’ght of tin? root. Tliis material is (ulher 
ashed directly, yielding schlempekohle, or it is desaccbaris<Ml or 
fermented (see Beet Stnjar, Vol. II., |». Ks7), and (he Jinal liquors 
(vinasse or schlempe) from tliese processes ar(^ (‘vaporated to dry- 
ness and the residue calcin(‘(j. Instead of this direct convm'simi 
into a char, it is sometimes customary to distil destructively the 
liquor, whereby it i,. carbonised, and mueb ammonia, methyl 
alcohol and triinethy laniine come oviu* from the organic con- 
stituents, which are rich in nitrogen. By furtlier iicating the 
trimethyhiinine hydrochloride — ohtairnjd by absorbing tlie gas 
in hydrochloric acifl and evaporating tlu' li«|uor until the h'ss 
soluble ammonium cliloride has cry.slal)is(Ml — much metliyl 
chloride is obtained, and is condensctl by pressure ibr tlie use 
of the synthetic colour nianufactunir. 

The final char,- however obtained, is a black ponms inas.s 
containing about 30 j)Cr ctmt. of K .COg and 20 p(‘r cent, of 
Ivaqf 'Og, the remaining soluble salts consisting chiefly of K.2'^^^4 
and KOI. The liquor obtained by leaching the eliar is evapiirntea 
in fron pan.s heated by steam^coils, until KgSO^ crystallises, 
from which the motlier lifjuor is run off; further evaporation 
causes the crystallisation of KCd, this and the sulphate being 
sold as such or used for Aiaking K.,(/Og by the Leblanc proces.s. 
The mother liquor is furtlier concentrated until KagCOg.HoO 
separates in Uie tiot liquid, which is run off, and on cooling 
deposits more KCl. The n<*xt .salt to* separate is the double 
carbonate, K,2CO3.Na2C0|p. 1 21 • /), which is returned to a fresh 
quantity of 4ie liquor or is decomposed *by a second ci ystalli^a- 
tion. The imal inother^iiquor ift taken to dryness and calcined 
for potassium caibuiiate, the product containing about 85 per 
cent. K2CO3 and* 8 pt r cent. JitUgOOg. I 

Anothet source of potash is th^ “ yolk " jr “ suint ” eft wool, 
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resulting from the sweat of the animal. The raw wool is 
systematically extracted with cold water, whereby the potash 
soaps, together with some of the neutral fat and cholesterol, are 
extracted. The solution is evaporated to dryness and calcined, 
giving a residue containing about 85 per, cent, of K^OOg, the 
remainder being Na^COg, together with K.^SO^ and KCl. This 
crude potash may be purified in the usual way. 

Potassium percarbonate, K2C20g, has lately been prepared 
and \ised as an oxidising and bleaching agent. It is obtained 
by electrolysing a solution of ])otassium carbonate, saturated at 
- 10“ C. (14° F.) to - 16“ C. (3“ F.), using a current of 5 volts. 

A diaphragm must be interposed between the two electrodes, 
which are preferably of platinum. The percarbonate separates 
out as a bluish salt at the anode. The salt readily gives up 
oxygen, being decomposed by water at the ordinary temper^r 
ture. Hodium and ammonium percarbonates have also been 
obtained, and behave similarly 

Ammonium persulphate, (NII^) 2 !SoOg, and other alkali per 
sulphates have also lately been used as oxidising agents. Tiiese 
salts are prepared by electrolysing cold saturated solutions of 
th(^ sulphates, using a liigh current density and a potential of 
about 15 volts. A diaphragm is interposed between the elec- 
trodes; the persulphate separates out in the anode com})art- 
ment. The property which ammonium persulphate has of 
oxidising many aromatic bodies to the corresponding hydroxyl 
derivatives has found technical application. Generally, it acts 
as an energetic oxidant. In the dry state it is quite stable, 
even at 100“ C. - 212“ F. 

Sodium peroxide, Na.jO.^, is prepared by leading hot dry air, 
free from carbon dioxide, over sodium at a temperature of about 
400“ 0. 852*^ F. It is a strong oxidising agent. Solutions ol 

alkali peroxides are also obtained by heating alkali nitrates 
w ith li me. or magjiesia to redne.ss until the nitrate is decom- 
posed, then leading pure air over the mass at 500“ C. — 932“ F., 
and lixiviating witli water. Ilfie liquids obtained are used in 
bleach in J;. r 

Strontium Salts. — Strontium occurs both as carbonate 
(strontianite, SrCDg) and sulphate (ccelestine, SrS 04 ). These 
minerals are worked up for strontium^nitrate and hydrate, the , 
sole compounds of this metal which are of technical importance. 

Strontium nitrate, SrfNOg^o, is prepared by dissolving the 
carbonate in nitric acid. If the native carbonate can be pro- 
cured sufficiently free from other bases, which would consume 
nit^i'ic acid, this mineraJ ipay be used. The carbcy^ate is some- 
times made from ccelestine by tuning it wiFth soda ash and leaching 
out the sodium sulphate formed by the double decomposition 
BrSO, HoNttoCOj = SrCOj + Na^SO,. 

SR-oLtiuin nitratf. dissolves 'in twice its weight of wioer at the 
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ordinary temperature, and in its own wei^lit at 100* 0 . « 212* F. 
It is much used in pyrotechny for the sake of the red colour 
which it imparts to a flame. 

Strontium hydrate, Sr(OH)o, is now lari^ely employed in sugar 
refining (Vol. II., p..l89). Strontium carbonate can be burnt 
to strontia (strontium oxide, SrO) just as calcium carbonate can 
be burnt to lime ; but the tem]>eraLure required is very much 
higher tlian tliat at whicli limestone can burnt. By boating 
the carbonate in superheated steam, it can bo directly convortotl 
into hydrate at a low red boat. 

More generally, stroiiliujii bydralo is pnxluced from the sul- 
phate ; the eonversiuii is not (‘a.sy, and many processes liave 
consequently been devised to ellecl it. Ccelestine is roasted 
witli equal weights of coal and iron oxide, (brown iron ore); 
slirontium sulphide is probably foriued, for wlien tl»e mass is 
lixiviated witli water, ferrous sulphide remains undissolved, 
whilst the solution contains .strontium hy<lrat(‘. 

SrSU4 -f Ch ^ StS I- 4<'0; Fe/)3 e 0 L>F<*0 CO. 

dSrS f FcO 1 IlJ) - Sr(Ollb I FrS, 

By another process, co:lestiiio is grouml, luixisl Nvitli coal and 
roasted to sulphide ; tlie sulphhii! is <*xtracted with water, and 
th(^ solution mixed with caustic soda solution. Tlie reactions 
involved may be iepi<;sent<'d by tlic ('qiialions — 

(1) 'JSrS 1- '.nbo -- si(ou)2 + 

(2) Sr(SHb H i.NiiOll SdOH)., i- 2NaSil. 

The strontium hydrate crystallises from the liquor, and is 
rccrystallised ; the sodium liydrosulpliiih? is converted into car- 
bonate by passing CO^ througli the mother liijuor, and causticised 
for further use. 

►Strontium IpVdrate crystallises from water in the form 
Sr(()H) 2 . 8 HoO, dissolving in f >0 parts of eold water and 2-4 
])arts of boiling water. It is hcs.s poisonous than barium bydfate.^ 

Barium saltsare pri pared frofh tlie nativ(!carbonate(witherite), 
anti sulphate (heavy span by ^>rocesses analogous to those used 
for strontium. • 

Baryta (barium oxide, BaO) is obtairiedy by igniting the 
nitrate, or l>y the intfnse ignition of the carbonate, either 
alone or mixed with carbon. On lieating baryta to dull red- 
ness in a cuiwent'of air free from moisture and carbon dioxide, 
barium peroxiue, BaO.„ is formed. TItis is chiefly used for the 
preparation of hydrogen pere.Rie, HgO.,; for this purjiose the 
barium peroxide is decomposed by c^ld dilute hydrofluoric, 
sulphuric, or phosph<#ric a uik, 'or ^liy carbon dioxide uifder^ 
pressure in the presence of waier. ^Solutions of hydrogen per-« 
oxide can be concentrated *and distilled in vacuo ^ the pure 
fiubstandh boiling at 84* 0. = 185“* F. under ^pressure oT« 6 ., mm. 
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It forms a colourless liquid, easily decomposed into oxygen and 
water. Baryta is also used for the manufacture of oxygen (see 

Vol. I.). 

Barium chloride, BaCl2.2H20, is used to a certain extent 
for softening water for boiler use (see Vol. I.), and barium 
carbonate for decomposing objectionable sulphates in clay in- 
tended for the preparation of tiles and similar goods. Soluble 
barium salts are strongly toxic. 

III. HALOGENS. — Bromine. — The chief source of bromine 
is the end liquors of the separation by crystallisation of the 
salts from sea water or of the Stassfurt deposits. Sea water 
contains about 2 ozs. of bromine per ton, whilst the mother 
liquor from the working up of carnallite in th(; Stassfurt process 
contains as much as J per cent, of bromine or 5 ^ lbs. per ton. The 
preparation from these liquors is dependent upon the fact th^t 
bromine is more readily expelled from its salts than is chlorine 
by a suitable oxidising agent in the presence of an acid. It was 
at one time customary to distil the liquor with such an oxidising 
agent — viz., manganese dioxide and sulphuric acid. Nowadays, 
however, chlorine is generated from MnOg and HCl in a separate 
still, and the liquors are treated .systematically with the gas, 
the bromine being liberated. The concentrated liquor, contain- 
ing the bromine chiefly as MgBr.^, trickles into a tower fitted 
with a perforated plate, serving to distribute the liquid over 
a large number of earthenware balls with which the tower 
is filled;* this packing is supported by a perforated false* 
bottom, beneath which the chlorine enters. The bromine 
liberated from the liquor as it meets the ascending chlorine, 
passes through an exit pipe at the upper end of the tower, and 
is condensed in a stoneware worm. The partly spent liquor, 
still containing some bromine and chloride of bromine, passes 
into another vessel, which remains full of the liquid since the 
outlet for the completely spent liquor is brought up from the 
bottom to the level of the top of the vessel. Steam is blown into 
the bottom of this vessel and is distributed by baffle plates ; by 
this means the remainder of theobromine is expelled chiefly* :is 
bromine chloride, and passes up the tovf er together with the fresh 
chlorine, which enters at the top of the heating vessel. By 
adopting this second vessel, not only k the liquid freed from 
bromine, but the bromine chloride which it yields is, to a great 
extent, decomposed by contact with fresh magnesium bromide 
in the tower. After the main quantity of bromine has been 
condensed in the stoneware worm, the residual vapour is caught 
in a small tower packed ''vitli iron borings and is t^ius held in 
the <5orm of ferrous bromide, frqm which the bromine can be 

* N 

*A Lunge plate column (see Vitriol'^ Making, )^ol. II., p. 8) would 
probably fit effective. «• 
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recovered in a marketable form (potaasium bromide) bv double 
decomposition with potassium carbonate. 

Bromine is now also obtained from the Stassfurt rr.si(lues by 
electrolysing the liquors betweea carbon electrodes in i>peii 
vessels, through which the liquid is passed at a certain rate. 
Up to thirty secondary .carbon electrodes arc placed in the vats, 
which practice permits a current of about 'JO volts to be used ; 
this is found to give the maximum elliciency. The bromine 
liberated remains dissolved as such in the liquid, and is stq.ar- 
ated by a subsequent distillation. 

The crude bromine contains chloride of bromine, and genetnll v 
lead bromide and hy«lrocarl>ons, the latter being dcrivcil tnun 
tar joints. It is shaken with potassium bromide, to (lecoinjtose 
bromine chloride, and distilled in glass retorts. 

Bromine is chielly used for the production of hromeosins 
(q%.) and for the manufacture of bromides. On account (tf llit* 
difficulty of transporting liejuid bromine it issometim(‘s al»s()rbfd 
in kieaelguhr, the product being ternnal “solidified hromiiic. ” 

Potassium bromide, KBr, is pr(q)an‘d by acting on iron wiiln 
bromine to form an iron bromide, which is then run inio a lint 
solution of potassium carbonate, wluTehy an oxi<h* of iron is 
precipitated and CO., liberated, while potassium bromide remains 
in solution and is crystallised. It is used as a sedative and for 
making silver bromide on photographic plates. 

Iodine is a cliaru<;teristic constituent of seaweed, hut its 
production from the ash of such ])lants (kelp) is now much 
diminished by the competition caused by the preparation of iodine 
as a bye-product in the manutacturc of nitrate of soda (p, 122). 
The method of isolating iodine from the motln.'r liijuor of the 
crystallisation of caliche (p 1 22) is as follows:— The mother liquor 
contains about 0*5 per cent, of iodim^, chiefly as sodium iodate 
(Nal03).* It is run into woothui vats coated with pitch, and 
treated with the ‘caiculaMal <{iiautity of .a solution prepared by 
passing .S(X into sodium carlxmaU* solution until tliero has biwui 
formed a sulphite of sufliciontly, acid structure to ensure the 
saturation of the whole of the soda of tlu! iodate with SO,. An 
agitator is provided in oiahi’ that the licjuids may he thoroughly 
mixed, whereupon the iodine separates accortyug to the equa- 
tions — . 

(1) 2NaT(\ gNallSOa = + 2HIO3. 

(2) 9^\im, + oNavSO.. - .5Xa.,S04 + + 11,0. 

• 

The paring solubility of iodinew in water allows of its diri'cb 
recovery by subsidence ; the i- line whick remains in solution is 
fixed by the fddition of, a small^q»U!in4ity of sodium bisulphite 
aud sodium carbonate, and the liquor m returned to the boiler in 

* Highly oxidised sub^ances are* characteristic of Chili saltpetre; thus 
it contains perchlorate in addition to nifeate, iodate, and chromafoi ^ 
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which the caliche is first extracted. The crude iodine is filter- 
pressed, when it contains about 80 per cent. I, 10 per cent, of 
water and 10 per cent, fixed matter. It is generally refined by 
sublimation in iron retorta with stoneware condensers, and 
comes into the market containing 98 per cent. I. 

The applications of iodine are not sufficiently numerous to 
create a demand commensurate with the supply, on which 
account its price is a conventional one. Iodine is used for the 
preparation of iodeosins (q.v.) and other synthetic dyestuffs, as 
well as in medicine and in making iodides, which are also used 
in medicine and in photography. 

Potassium iodide, KI, is made, like the bromide, by taking 
advantage of the direct combination of iodine with iron. The 
compound formed appears to be Fe^T^, wliich is a better com- 
pound for the purpose than Fel 2 , since the iron is more readUy 
separated thean from the ferrous salt by double decomposition 
witli an alkali carbonate. 

tv. CYANOGEN COMPOUNDS.— The heat of formation 
of cyanogen is C 2 ,N 2 = - 65*7 Cal., from which it may be antici- 
])ated that direct union of C and N can only be effected at a 
high tein[)erature. Since the compound has acidic properties, 
the presence of a metal capable of forming a powerful base— 
K or Ba — favours the production of cyanogen from its 
constituents. It is thus possible to produce a cyanide at a 
temperature below that t;ssential for the foriuation of free cyano- 
gen. Idiis circumstance is tak(;n advantage of in a process 
which has been worked exptu-imentally on a largo scale and 
consists in heating a mixture of barium carbonate with carbon, 
in the form of pitch, in a fireclay retort through which nitrogen 
is passed, wliile the temperature is kept at about 1,400 0. 
»= 2,r)!')2° F. by a producer-gas fuinace. Since barium cyanide 
is acted on by CO., at high temperatures, the nitrogen used 
must be free from this gas, and may be conveniently obtained 
as 'the waste gases from the carbonating towers of the aininonia- 
soda process Oy.?’.). Barium cyanide has also been made success- 
fully oi> a small scale by heating barium carbide, BaC.,, i.u a 
current of nitrogen. Calcium carbiite, on the other hand, when 
similarly treateik, yields chiefly calcium cyanainide, CaONjf 
according to the equation — * 

CaCo -h Na = CaCNo + C. 

This calcium cyanainide (technically known in Germany as 
“Kalkstickstoff^’) is decompooed by superheated steam^mto 
calcium carbonate and '^ammonia. It may also boused J 

fertiliser, when it is deccfn>posed first to ammonia and then 
to nitric acid by the soil 'organisms. The use of ammonia as a 
source of nitrogen for preparing cyanides has not hitherto 
proYee* ^ very successful. Aoiording to Castner s pnjcess, am- 
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nioniajs led over sodium at a temperature of 300* to 400^' 0. 

= 572“ to 752“ P., and the resultini:j sodium amide, NaNH.,, is 
converted to cyanide by allowing it to How through a hyer of 
red-hot coke. Anotlior metliod of some promise consists in 
removing the sulphur of a thh^cyanate — c.7., NaCyS (r.i.) — by 
means of zinc or other metal combining reatlily with S. In 
Raschen’s process, which is said t<> work well, the thiocyanate 
is oxidised witli nitric acid, the oxides ot nitrogen produced 
being recovered and used again. A fairly cheap source of 
nitrogen for the formation of cyanides, and oru* which has tlw^ 
advantage of being already in union with i-arbon, is waste 
animal matter — e.jj., leather cuttings, l)lood and the lik<‘. Whmi 
such material is healed with potassium carbonate and iron 
borings, a cyanogen compound is h>rm<;d. 'rin* potassium ear- 
l»>nate and iron are heabal in .a <‘aMt-iron pan set on tlie bearili 
of a reverberatory furnace, the (»rganic mat.t<‘r* beiiig iutio- 
duced after the fusion of the mass. Oxidation slioubi be juc 
vented by maintaiidng a reducing atmos|dien‘. 'fbe “metal” 
thus produced is lixiviated with hoiling wat(‘r, .and the crude 
liquor is evaporated until potassium ferrocyaiiide {j/rffoiv 700/.'?- 
siate of potafih), K j PeOvy . 3H.,0, erystallis(a . rin* mother 
li(pior is evaporated to dryness and returned to tlui piaajess, 
and the crude prussiate is r(‘erystallis(‘d. 'I’he carbonaci'ous 
matter left after extraetion is us('d for decolorising }>aralliu 
wax and vaseline. d'lie n‘actions wldch prevail during this 
process are somewliat ol)scure. It appears tliat sulphur is 
necessary for their occurrence, and is present in the organic 
matter and the crude potash used. The potash reacts witli 
the carbon and nitrogen of the organic matter, yi<dding KON, 
whicli in its turn acts on iron <M)m pounds, notably FcS, formed 
in the melt, according to thr e(|uatioii 

‘ 6KCy + KeS - lv.^S KjF^d’ye- 

The products of (he destructive <li.stillation of coal contain 
cyanogen, which, therefon*. fojins a bvc-product of gas iminu-^ 
facture. Where purilic.atiori j^f gas by hydrated ferri^; oxide is 
practised, the cyanogen A fixed chiefly as Prussian blin^ (fi-rro- 
c\anide of iron), while a portion is obtained as ammonium 
thiocyanate. The iron* oxide mass is worked up as follows : — 
It is systematically extracted with warm water, and the am- 
monium thi«cyatiate recovere<l by crystal li.sation. 'l^he extracted 
residue is dried, mixed witli caustic Hme, and heat'd in closed 
vcfftels by means of sttjam, calcium ferrocyanide faung formed. , 
This salt 1% extracted with water anii treated with KCl in tlip 
boiling solution, wlnrr.by the^^ubl^j salt CaK^FePyy is precipi- 
tated. This is heated wi^b - solution of KoCO.,, wlien OaCO^ 
and K^FeCyy'aretformed ; ^he dilute liquors are boiled down 
j * This is usually llreviously charred. 
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in a vacuum pan, and crystallised prussiate, K^FeCyg. 3H2O, 
is obtained. 

A more rational method of obtaining the cyanogen consists 
in passing the gas through a washer containing a solution of a 
ferrous salt, which reacts with the ammonium cyanide in the 
gas to form ammonium ferrocyanide. 

Potassium ferrocyanide is chiefly used for the preparation of 
potassium cyanide (v.i.), Prussian blue, and potassium ferri- 
cyanide, K.^PeOyg, 

' Potassium ferricyanide (red prussiate of potash), K3FeCyg, is 
made by removing an atom of potassium from the ferrocyanide 
by means of an oxidising agent, thus — 

K4FcCya + Cl = KCl + KaFeCyg ; 

bromine and lead peroxide can also be used. The oxidation 
may also be effected by passing an electric current through the 
ferrocyanide .solution. This salt is u.sed in dyeing and calico- 
printing, chiefly as an oxidant, and in photography. 

Potassium cyanide, KCN, is generally obtained from the ferro- 
cyanide, though much is now prepared from the sulphocyariide. 
XVhen K^FeCyg is dohydrat(‘d and fused, it is decomposed 
according to the equation, K^FeCyg = 4KCy + Fe -f C2 -f Nj. 
Much cyanogen is thus lost, and a more economical process 
consists in the addition of potassium carbonate, when the 
reaction takes place thus — 

K4FeCy8 -f K.fO, = 5KCy -f KCyO -f Fe + COj. 

In this case the product is a mixture of cyanide and cyanate. 
Since this latter is of small commercial value, attempts are 
made to suppress it by the introduction of charcoal into the 
fusion, KCNO + 0 = KCN -f CO. The fused mass is allowed 
lo settle, and the clear melt poured off. 

According to Cross and Young a good yield of alkali cyanide, 
together with oxalate, is obtained by heating an intimate mix- 
ture of an alkali nitrate (1 parb^, alkali hydroxide (2 parts), and 
sugar (l«pai't) at 150° to 170'* C. 4 

Potassium cyanide is chiefly usecf’as a solvent for gold in 
extracting that m«tal from ores which contain it in a sufficiently 
finely-divided condition; as a solvent? for gold and silver in 
electroplating and gilding baths.* 

Potassium sulphocyanide or thiocyanate, KOSN, is prepared 
from the ammonium salt'^as a raw material, which is obtained as 
a bye-product in gas manufacture. The insolubility of cu^'ioua 
thiocyanate is sometinrea^ taken advantage of ir separating 

e modern product, usuaVy niaae by the process represented by the 
equation, K4FoCy6 -f- Nag = 4KCy + i^aCy -f Fe, consists largely of 
stxlium cyanide, and may, therefore, appear to cohtain more than 
100 per of KUy if the Cy alone* be used as a basis of assa^ 
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sulphocyanide from gas liquor. A method proposed for the 
preparation of sulpliocyauides, analogous to that by whicli they 
are probably formed among the products of the distillation of 
coal, is that of allowing ammonia to react with CSg, according 
to the equation CSg + 4 NH 3 = NH^CNS ^ 

V. SOLVENTS. — For purposes wliere aqueous liquids caniint 
be employed as solvents, certain liquid compounds oi carbon an; 
pressed into service. An ideal solvent must be volatile without 
change at a moderate temperature, so aa to be easily recoveral)le, 
non-intlammable and nou-poisonous. Ftnv 8 olv(Mits fiiHil all 
these conditions. 

Carbon Bisulphide, CS 2 . — This compound is an excellent 
solvent for fats and for sulphur, hut is both inilsimmabh' and 
poisonous. It boils at 40-5° 0. =--^ 11G“ F., and inflames in air at 
about 150° C. - 302° F. ; not only istln^ vapour itself poisonous, 
iMt the products of combustion CO., and SO.^ are also noxious. 

CSo is an endothermic compound, its heat of formation Ixung 
C,S., -26 Cal. On this account its production, by the din‘ct 

union of its elements, can only be attained at a high tem- 
perature. The operation is generally conducted in a vertical 
east-iron ret(trt, A (Fig. 47), set in a furnace, D, and j)rovi(led 
Avith a side inlet, N, tlirough which molten sulphur is allow(.‘d 
to flow from tlui vessel 0 . 

Charcoal, |)referably prepared from whsUj wood, sptmt dyo 
wood and the like., is filled into the retort and hrouglit to a 
cherry red heat before the introduction of the siilj)hiir. 'riio 
CS., formed escapes by the pipe I, whicli slopes upwards to 
permit uncombined sulpliur to condense and flow back down the 
pipe K, to the bottom of the retort. Any sulphur which is 
carried on is caught in the vessel P, whilst CS., jiasses down a 
long Liebig’s condenser, Q, where it is chilled by the w'ater- 
jacket and is caught in the receiver S. The closed vessid ll is 
employed for forcing the condensed CS.^, by means of compressed 
air, into a storage tank. Residual vapours are caught in ,tho 
apparatus W, being .scrublied out with oil dribbling ()V(‘r a series * 
of ^rays ; on heating the oil, collected in Y, in a retort.^ the CSj 
can he recovered and the t-jl u.svAl again. Permanent gases, such 
as H 2 S, are supiiressed by pas.sage through the lime and iron 
oxide ])urifier Z. 

A method of manufaefuring carbon bisulphide in anelectrical 
furnace has lately been introduced, and has proved very success- 
ful. Carbon Electrodes are placed on the bed of a shaft furnace, 
and an arc produced between them. The sulphur is melted in 
an^iter annular chamber ly the waste heat of thti furnace, 
and flows oi*>to the electrodes. /To^ave these from too rapid 
corrosion, loose carbon'blocks 3lre fqd into the furnace from 
hopper placed on the to}; ot Lim .shaft ; near tliis hopper there is 
an opening through ‘Which the carbon bisulphide vupour/iscapea. 
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A current of about 4,000 amperes at 40 to 60 volts pressure is 
re<juircd for a sliaft 40 feet high. It has been found practicable 
to substitute for the fixed carbon electrodes a stream of carbon 
blocks passing down a metallic casing so arranged tljat the 
pieces of carbon meet and form a bridge on the hearth of the 
furnace, where they come to incandescence. 

The crude CSo is purified by agitation with lime water, and 
distillation with a small quantity of any fixed oil and a little 
lead acetate, the object being to retain objectionable sulphur 
compounds. The process of purification is completed by 
rectification. 

Commercial CSg has a nauseous odour, but the pure substance 
has an ethereal smell. Its specific gravity is 1*29. 

An apparatus fitted tor the obtaiinnent or recovery of oils 
from seeds and waste products is shown at p. 246, The solvent 
i*also used in vulcanising caoutchouc iq.v.). 

Chloroform, CHClg. — This body is also much used as a 
solvent, as well as for medical purposes. It is a colourless 
liquid of ethereal odour and sweet taste. Its boiling point 
is Ol" C. = 142“ F., and its specific gravity 1*5. It is obtained 
by heating dilute alcohol with chloride of lime. The chloroform 
is separated from the aqueous portion of the distillate, in whicli 
it is insoluble, and is then dried and re-distilled. For the 
production of 100 parts of chloroform, about 100 parts ol 
alcohol and 1,300 parts of chloride of lime are necessary. 
Acetone is sometimes used instead of alcohol. 

Ether, (C2H5).20. — This solvent boils at 35*5° C. = 96“ F. It 
is made by distilling a mixture of alcohol and concentrated 
sulphuric acid at 140° C. = 284“ F., a continuous stream of 
alcohol being run in to take the place of that used up in tlie 
reaction. 

Carbon Tetrachloride, OCl^. — This liquid is in some ways 
preferable to CS. 2 , as it i.s uninfiamniable, less poisonous, and 
has a higher boiling point, 77^" C. ni*" F. Its specific gravfty 
is 1*63. It is at present prepared from and is, therefore, 
moae costly than that solvent. 

It ma}' be obtained by passing a mixture of CS.^ vapour and 
chlorire through a red-hot tube; or by the elction of chlorine 
on CSg at the ordinary timperature, in the presence of iodine 
or of antimony pentachloride. Sulphur chloride, SClg, is a 
product of thi ruction, and remains dissolved in the COl^, 
from which it is removed by treatment*with lime (see Vol. II., 
P- 

Commercial CCl^ constanciy contains* CSg, from incomplete 
conversion. Other sclvtfnts, 8U|b as%enzene, benzine (benfb- 
line), other forms :f light piti deum *and alcohol liave already 
received notice. * » * ^ 

AcetooD, C0(CH3)2. — This aokfent is^now largely ute^ in 
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the manufacture of explosives (Vol. II., Chap. XVII.). It is 
a colourless liquid of characteristic odour ; its boiling point is 
56“ C. = 132“ F., and its specific gravity, at 20“ C., 0*792. It is 
miscible with water, alcohol, and ether. 

Acetone occurs amongst the products of the dry distillation 
of wood, but technically it is generally made by heating the 
acetate of lime and magnesia, either alone, or in a current of 
superheated steam, at a temperature of 300“ to 400* 0. = 572® 
to 752“ F. The aqueous part of the distillate, which contains 
the acetone, is separated from the oily substances also produced, 
and is carefully rectified, using a column apparatus, first over 
caustic soda, and then over potassium permanganate. 
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A 

Arel’s test ()f Hashing point of oils, 

\:n. 

Abies caiuideJisis, 400. 

Abiotic acid, 258 ; anhydride, 258. 

Absinthe, 230. 

f^bsolute alcohol, 232; strength O.P., 
234. 

Absorbents for nitro-glycerin, 431. 

Absorption of gases by charcoal, 102 ; 
tannin by liides, 409. 

Acacia catechu, 400. 

Acer saccharinion, 191. 

Acetanilide, Preparation of, 334. 

Acetate, alununiuiu, Preparation of, 
382. 

Acetate, Amyl, 233 ; Basic copper, 
381 ; of lime, Brown, 104; of lime, 
(irey, 103, lOo. 

Acetic acid, 235 ; Application of, in 
cotton printing, .301 ; Factitious 
vinegar l'r(»m, 238 ; Ferment, 235 ; 
from spent lye in esparto boiling, 
307 ; Percentage of, in vinegar, 
237; used in bleaching, 280; in 
dyeing, 353 ; Yield of, by distilla- 
tion of wood, 104. 

Acetic fermentation, 235 ; ISuccinic 
acid produced in, 235. 

Acetification, 235 ; Conditions of, 
237. , • 

Ateto-arsenite of copper, 381. ^ 

Acetone, 1U4, 405. • 

Acetylene, 83 ; Black from, 84, 386. 

Acid ali/.arin blue, 302. 

Acid colours. Dyeing cot!^)n with, 
355 ; Dyeing silk with, 360. 

Acid, “ drips » in ^'itriol chambers, 
10 ; dyes, 351 ; dyes classilied, 357 ; 
egg, 9 ; for etching on glas.s, 174, 
green, 357; in taif liquors, 
401 ; magento, 307, 357; mr laants, 
352; ox.dates of pota -lium, 44.^ 
“tar,” 89. 

Acids, fatty, Fonuul® of, 230 , Melt- 
ing point of, '239; •volatile, with 
8tiiu,^43. ^ ^ 


Acids, Iso-Iinnlenic series of, 243 ; 
Linoloic series of, 243 ; Linolenic 
series of, 243 ; Oleic series of, 242, 
244 ; Ricinoleic series of, 243. 

Acid value, 242. 

Acorn galls, .397. 

Acridine dyestuffs, 336 ; orange, 337 ; 
yellow, 337. 

Acrolein, 240, 251 ; from smoulder- 
ing eatulle.s, 268. 

Aerospire, 206. 

Adjective dyes, 289 ; dyestuffs do- 
lined, 289. 

Aerobic ferments, 205. 

“ After-chroming,” 359. 

“ Ageing,” 351 

“Ageing” of logwood, 344. 

Air and ga.s. Explosive mixture of, 
79. 

Air conden.sers for gas making, 71. 

Air-gas llame, 79. 

.4ir-slake<l lime, 141 

Albite, 1.56. 

Albocarbon light, 82. 

Allmmin, Application of, in calico- 
printing, 362. 

Alcohol, 231 (see also *S/>in7) ; Abso- 
lute, 233 ; Absolute, Btrimglh O. l\, 
234 ; Boiling point of, 234 ; from 
calcium carbiile, 253 ; Donatyrin^ 
234 ; denaturing, Wood naphtlm 
for, 2,34 ; Oil soluble in, 251 ; Oxi- 
dation of, 235 ; Speciti# gravity of, 
234. 

Alcoholic at rtmglli, Excise system of, 
234. 

Alcoholometry, 234. 

Alcohols, Higher, 231. 

Aldehyde, 231. 

Alde.liivdes, Aromatic, 257. 

Ale, Mild, 220 ; Pot, 226 ; vinegar, 
237. 

Algardlulla, 401. 

Ali^krale, Sodium, 300, 

AlAaratcs, 300. 

Alizarin, 315, 355; Artificial, 299; 
black, 298; blue. Acid, 302 ; blue 

' S (solublQ). 301 ; Bonllai^, 301 ; 
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colours, Application of, 369 ; cy- ; 
aniue, 301 ; Manufacture of, 299 ; 1 
paste, 300 ; yellow, 359 ; yellows, I 
;^68. 

Alkali, Action of, on wool, 290; 
Act, Regulation of vitriol making, j 
16 ; blue, 309 ; blues. Application 
of, 359 ; Electrolytic preparation 
of, 57 ; for glass, 164 ; lime glass, 
Analysis of, 171 ; manufacture, 
Limestone for, 26 ; Nitrogen in 
coal for, 27 ; Raw materials for, 
24 ; Recovery of, in paper making, 
360 ; Refined, 34 ; Small coal for, 
27 ; trade standards, 36. 

Alkali carbonates. Saponification 
with, 264; water. Effect of, in 
browing, 214. 

Alkali waste, Analysis of, 37 ; Mac- 
tear process for, 39 ; Parnell & 
Simpson’s process for, 38 ; Sulphur 
recovery from, 37 ; Treatment of, 
37 ; Use of, in phosphate manu- 
facture, 119. 

Alkalinity, Indicator for, 293. 

Almond cake, 230. 

„ oil. 242, 248. 

Almonds, Artificial oil of bitter, 257 ; 
Oil of bitter, 248, 258 ; Synthesis 
of oil of bitter, 258. 

Alphanaphthylamine, Claret colour 
from, 356. 

Alum, 451; Ammonia, 452; Basic, 
451 ; Burnt, 452 ; cake, 451 ; 
Chrome, 452 ; Manufacture of, 
from clay, 451 ; Preparation of, 
451 ; stone. Analysis of, 451 ; 
Tanning with, 413. 

Aluminium acetate, Preparation of, 
382 ; Use of, in dyeing, 351. 

Aluminium basic salts, Use of, 413. 

• , mordants, 351. 

,, resinate as a size for 

^ paper, 365. 

„ shavings for filtering 

beer, 219. 

,, sulphate, 451 ; Use of, 

for sugar recovery, 
191 ; Use of, in dye- 
ing, 351. 

„ sulphocyanide as a raor- 

<knt, .162. 

thioc, 'anile. Use of, in 
dyeing, 351. » 

Alunifp, 45*1. *•' 

Aj'T.ier, 259. «. 

Amido-acetophenone, 335. 

Amido-azobenzene, Formula for, 
292 ; Preparation of, 332. 


Amido-azobenzene dyestuffs, Format , 
tion of, 335 ; naphthalene, 320. 
Amido-azonaphthalene derivatives, 
296. 

Araidotolunaphthazine, 317. 

Ammonia alum, 452. 

,, crude, Composition of, 52, 

,, Fixed, 53; in gas liquor, 

84. 

,, Free, 51 ; in gas liquor, ' 
84. 

, , from bone distillation, 115; 

in coal gas, 77 ; in 
London gas, Statutory 
limit for, 77 ; in soot, 
122 . 

,, Production of, 52 ; Re- 

covery of, 52. 

„ soda ash, Apparent densitji 

of, 52. 

„ soda process, 48 ; Carbon 

dioxide in exit gas from, 
51; Reactions in, 48; 
Recovery of chlorine in, 
54 ; Salt wasted in, 51. 

„ “ still,” 53. 

,, Yield of, from gas coals, 

84 ; from Siinon-Carv^s 
oven, 97. 

Ammoniacal liquor from shale dis- 
tillation, 112. 

Ammoniacal liquor, Valuation of, 
85 ; Yield of, from coal, 75. 
Ammonium chromate, 380. 

,, ferrocyaiiide, 462. 

,, orthosulphimidobonzo- 

ate, 446, 

,, persulphate, 456. 

,, pi crate, 433. 

„ sulphate, as manure, 
122 ; commercial, Ira- 
puritiesin, 122 ; Manu- 
, facture of, 85. 

Amygdalin, 258. ^ 

Atayl acetate, 233. 

,, alcohol, 227 ; Active, 233 ; 

Inactive, 233. 

Araylan, ^207. 

Anaerobic ferments, 205. 

Analyser, 228. ^ 

Analysis of alkali wa^te, 37 ; alum 
stone, 451 ; animal charcoal, 114 ; 
'ash of .yeast, 216 ; harle}^, ’ 
basic slag, 120; beers, 220 ; beet 
, molasse^ 187 ; black f^sh, 32; bone, 
U13; brick clay, 158; brine, 26 ; 
Brunswick green, 380 ; caustio 
liquor, 36 ; femen.t clinker, 150 ; 
cement blurry, 150; chak'.s, 138; 
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charbon roux, 102; charcoal for Animal fibres, clistininiished from 
gunpowder, 42o ; coal gas, 78 ; vegelable fibres, 275. 

coclnneal carmine, ;187 ; cognac, ,, oil, 114. 

22.*^; coke, 93; commercial „ oils, Winning and refining 

nitrate, 123 ; cotton libre, 279 ; of, 245. ° 

crude uitrateof soda, 122; diastase, Anisidine, 300. 

-08 ; distillers grains, 220; (‘xtracts Annulinc os a loading material 
f«^r tanning, 402, 40.3 ; lireelay, 30.5. 

1.08; fiax, 279 ; fortified wines, 223 ; Annealing glass, 170. 
fu>el oil, 233 ; gas liqnor, S4 ; Antht rua mifUiht, 'I'll. 
glass, 171; grape juice, 221 ; grey Anthracene,* Hoiling point of, 91; 
chalk, 138; hemp, 280; hides, brown, 3.59; C'onversion of, inlo 

393 ; hydraulic limest.one, 137 ; anthra(,uinone, 299 : from Russian 
jute, 280; leather, 410; limestone, petroleum, 134; green, 315; Melt- 

137 ; magnesian lime.stone, 137 ; ing point of, 91 ; oil, 91 ; Orienta- 

malt, 2U7j materials for Portland lion of, 299; Purifieatio i of, 91, 

cement, loO; mola.sses, 178; native 300 ; “ Thirty per cent.,” 91. 

])hosphales, 118; natural gas. Antliracliryson diamidodiHulplionio 
• 128; o.sscine, 114; Oxford ocbn*, acid, 302. 

385; pliosphalii; gyiisum, 435 ; Antliracpiinone, Conversion of, into 
I’oriland <rment, 150; priwlmls ali/.arin, .3(H>; Formula for, 299; 

ot cane sugar fermentation, 217 ; Manufacture, of, 299 ; I’urilic.v 

pu/.zuolana, 153; raw silk, 277; lion of, 299 ; Sulplionationof, 300 ; 

rock salt, 24 ; Kornan cement, 144; sulphonic acids, .300. 

smalt, 379 ; so<la ash, 34 ; solo .Anti incrustatons. i‘H. 
leather, 41(i: spentbecl, 181 ; sjiirit, Antimoniate, Lead, .383. 

231 ; starch-viclding materials, 198; Antimony fluoride, Use of, in dye- 
su I dimed white lea<l, .374 ; sugar ing, 353. 

cane juieis 177; tank li<jUor, .33 ; Antimony, (lolden sulphide of, 2fi I ; 
tiuining material 402, 403 ; lactate, 444 ; potassium oxalaUi, 

treacle, 178 ; ultramarine, 377 ; 444 ; potassium oxalate, Us(^ 

water for hrewitig, 210; while in dyeing, 3.53; salts. Use of, in 

chalk, 138; wines, 223 ; wo(»<I <lycing, 3.53 ; vermilion, 384. 

gas, 105; wool fibre, 278; wort, Antiseptic, Hydrofluoric acid as an, 
214 ; yeast, 210. 4.39. 

Angelica mot, 230. Anti.soptics, Kffeet of, on cliastase, 

Aniiydi ite, 452. 2t)8; for l)eer, 219 ; for vines, 221. 

Anhytiro - orthosulpbimidolxTizoic A[».ititc, 1 10. 

acid, 440 ; sulphuric acid, 23. Apocumma , 200. 

Aniline black, .330; Dicing with, A<|ua forlis, 12. 

.331 ; “Greening” of, 331 ; Print- Arae, 231. , 

ing with, .331. Arachidate, (Hyeeryl, 248. 

Aniline blues, .309. LAiachidic ugid, 239. 

0 , colours, 306. .lruc/i»s /ty/iOf/a«, 248. 

,, Dimetliyl, ,308. _ *l .\rachi.s oil, 248. 

,, <lye.s, 303. Archil, Prejiar^tion of, 347. 

,, dyestufi’s, blue, 309. .Argand burn<T; 78. 

,, for blue, .305 ; fof blue, Algol, 222, 444. 

Application of, 309 ; for Armstrong’s theory of colour, 298. 
red, 305. • Aromatic aldehyiles, 2-57. 

y hydrochloride, 305. A rrowKSJt starch, 198,202. 

,, .Manufacture of, 304. ^ Arsenate of swla, Application of, in 

(«->«• Methylation of, 308.* calico-printing, 302. 

,, oil, 305. “ Arsenfe,” 441. 

salt, 3 (Jd. % Arsefific acid, 441 ; asan oxi<fant,400 ; 

tartrate, 331, Manufaclureof, from while arsenfllP 

,, vi<^'lct, 30». • 441 ; Uses of, 442. 

Animal charcoal (stls CkarcocU, Arsenic glass, 442. ^ 

^AniTiial).^ * •* „ iy sujphuric acid, W. ^ 
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Arsenic kips, 394. 

Arsenic, Recovery of, 306 ; Red, 406 ; 
soot, 441. 

Arsenic aulpiiide, 382 ; asadepilatory, 
400. 

Arsenic, Vitreous, 442. 

Arsenic, White, 441 ; for curing 
liides, 394 ; I’urification of, 442 ; 
Uses of, 442. 

Arsenic, Yellow, 406. 

Ansenious acid, 442 ; anhydride, 442. 
Ar.senite, Cupric, 380. 

ArtocarparetjH^ 200. 

Asbestos, 2Hl ; fabrics. Effect of 
heat, on, 281 ; for electrolytic 
diaphragms, 58. 

Ascension pipe, 71. 

Ascospores, 215. 

Ash nf yeast, Analysis of, 210. 
Asparagine in beet juice, 179. 

“ Asphalt,” 92. 

Asphalt cement, 135. 

„ mastic, 136. 

,, rock, 135. 

,, substitute, 271. 

Asphaltum, 1,36 ; Trinidad, 135. 
Assimilation of nitrogen from air, 123; 
of phosphate manures, Rate of, 
121 . 

Astatki as fuel, 133. 

Astralene, 133. 

Attemperators, 214. 

“ Attenuation” of wort, 215. 
Auramine, 328, 355. 

Auranlia, 292, 357. 

Aureolin, 383. 

Aurino 311 ; dyestuffs, 310. 
Autoclave, 270. 

Auxochrome, 292. 

“Available oxygen” in manganese, 
r 40. 

Avcnturin, 172 ; Clirome, 173. 

Axle grea.se, 252. 

Axine compounds, 316. 

,, Diphonylene, 316. 

Azo-benzene, Fornyda for, 292 ; 

diazo- chloride. Formation oi, zVfO. 
Azo-blue, 354. 

Azo-carmine, 334. 

Azo-colours converted into mordant 
dyestuffs, 358. 

Azo - compounds (dyestuffs), 292 
explained, 294. 

Azo-dipbenyl blue, 3.33. 

AKb-dyes, feleachiiig of, 297 ; dye-i 
' stuffs, Application of, ,358. 
Azoniuni bases, 318. 

Azophepine, ,3.33. , 

Azop’ior red V N, ;156 


B 

Bacillus erodkm, 408. 

,, n/icosus, 220. 

Backs, 145. 

Bacteria, 204 ; in yeast, 218. 

Bacleriuvi uctli, 235. 

BaeyeFs process, 341. 

Bagasse, 177. 

Ball clay, 162. 

Ballistite, 43.3. 

Ball mill, 121. 

Balsam, I^iu, 259. 

Balsams, 256, 259. 

Baltic linseecl oil, 250. 

Barium chloride, 458. 

„ chromate, 3b2, 

,, nitrate in explosives, 430. 

,, peroxide, 457. ' 

,, salts, 457. 

,, sulphate, 375. 

,, ,, as a loading material, 365. 

Bark, Oak, 399 ; Hemlock, 400. 

Barkoraeter degrees, 411. 

Barley, Analysis of, 207 ; Carbohy- 
drates of, 207 ; couch, 205 ; Drying 
malted, 206; Flooring, 206; “Meali- 
ness” of malted, 206; Necessity for 
drying malted, 206 ; Proximate 
composition of, 207 ; Steeping, 205; 
Unsound, as fodder, 205. 

Barley for brewing, Cliaracter of, 
207 ; for malting, 207 ; for malt- 
ing, Character of, 205. 

Barwood, 345. 

Baryta used for sugar recovery, 190. 

Barytes, 375 ; in white lead, 373. 

Base, Primulino, 296. 

Basic alum, 451. 

Basic colours. Dyeing cotton with, 
.355 ; Dyeing silk with, ,359 ; 
Exainple3of,355; “^ropping” with, 
355. 

[Basic copper acetate, 381. 

- ,, carbonates, .381. 

„ dyes, .351. 

,, sjycstuffs. Bottoms for, ,353. 

„ lead acetate, 37 1 . 

,, „ carbonate, 370. 

,, ,, chloridop372. 

,, „ chromate, 382. • 

,, ,,, chromate, Dyeinp with, 

349. 

,, mordants, 35k> 

,, s'mg, 120 (see also Slrtfj, Basic). 

Basle blue, 320. 

Bassorah gaila, 397. 

Bast fibres, 279, 28(». ^ 

Bate, 407 ; sub titutes, 408. 
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Bating skin.s, 407. Bcnzochrome black, .354. 

Batswing burner, 78. Benzoflavine, 338, 3*55. 

Battery of cells for sugar diffusion Benzoic acid, 259, 445; Applicatiuu 
process, ISO. of, 309. 

“ Bay salt,” 25. Benzoin, Gum, 259 ; Styrax, 259. 

Bazils, 412. Benzol, “Fifty per cent.,” 88; 

Beale’s rotatory exhau.ster, 71. Fractionation of crude, 87; fnmj 

Beard of valonia, 400. Russian petroleum, 134 ; “Niin-l y 

Beckton coal tar, (.'ompoaition of, 86. per cent. 88 ; still, Bephlegmalur 
Beech shavings for clarifying wine, tor, 88. 

2.36 ; for vinegar i)roco3s, 236. Benzolene, I H>. 

Beef tallow, 244, 253. Ben/.opurpurin, 3,54. 

Beehive coke oven, 93. Berberine, ,348. 

Beer, Aluminium shavings for filter* lierhet-i^ ru/nitri-i, 348. 
ing, 219; Antiseptics for, 219; Iterlin porcelain, 161. 

Bitter, 220; Caramel for colour- Betaine in beet juice, 179. 
ing, 197 ; Cleansing system, 218 ; lif ta vuf<iari.i, 177. 

0 Colouring, 219; defined, 205; BicarlK)nate of soda, 3'> ; Conversion 
Disea-ses of, 220; Fiiungs for, 219; of, into soda ash, 52. 

Finishing, 219 ; l^iiger, 215 ; Bitdnoniale, (dirome alum converted 
Li(iuid carbon dioxide for preserv- into, .300; Sodium, 447; Botas- 
ing, 220; Bilscuer lager, 220; sium, 448; Brep.aration of, by 

Priming, 219; Backing, 219; Raw electrolysis, 448. 
materials for, 205; Bopy fermen- Bichromates, 447 ; as mordants, 352; 
tation of, 220; Sour, 220; Bccovery of, 300. 

“ Stench of,” 210. Biebrioh scarlet, 295. 

Beers, Analysis of, 220, Bird lime, 256. 

Becsw'ax, 256 ; Adulterations of, 256 ; Bi-rolation, 196. 

Bleaching of, 256. liisehof proco.ss, 373. 

Beet, Analysis (;f spent, I8l; (5)m- “ Bi.scuil firing,” 1,59. 
position of juice of, 179; Concen* ,, porcelain, 162. 
tration of juice of, 184 ; Defecation Bistre, 349. 
of juice of, 181 ; Fusel oil from, Bismarck brown, 2!M, ,355. 

233 ; Yield of juice from, 179 ; Bisulphide of cai bon, 46.3 (see 
Yield of sugar from, 187. (UirhonhisriljthyU). 

Beet juice, 179; Burification of, by Bisulphite, Cah iuin, 6; for malxing 
lime, 181 ; Trimcthylainine from, wood pulp, 368. 

179^ ,, conipound.sidyest nil’s), 2t)S. 

Beet molasses, 187 ; Analvsis of, 187 ; „ Magnesium, 6 ; for making 

Utilisation of, 187, 191* wood pulp, .368. 

Beet sugar (see Sugar, lieet). ,, Sodium, 6. • • 

Beilbyand Young retort, 109. » Bisulphites, as antim;ptics for he.>r, 

Bengal ordinary saltpetre, 424. 219; Manufacture of, (j, 368. 

I^nzal chloride, 258. , • Bitartrate of potash, 444 ; Use of, 

Benzaldehyde, 248, 258 ; green, 310 ; in dyoir^, 351 . 

Benzene, Boiling point of, 88; Fairich- Bitter almonds, Oil of, 248,2.58 ; Arti- 
ing gas by, 82 ; Indidinc, 331 ; ficial, 258 ; Synthe.sis of oil (d, 2.58. 
Melting point of, 88 ; Nitration of, Bitter beer, 220. 

303_ , ,, principles for brewing, 209 

Benzeneazobeitzeneazophoiiol, 295. Bitten, 26. 

Benzeneazoberzeneazo - (i • iiaphthol BlacK ash, Analysis of, 32 ; fnrn.u e, 
r disulphunate. 29&. ^ 31; Lixiviation of, 32 ; Mamdac- 

Benzeneazo - (i - naphthol sulu^.onic turt^of, .30; process, Reactions in, 
acid, Forrntla for, 294. 1 ' . ; revolver, 31. • 

Benzeneazophenol, 29.3. • Bljkck beer, Water for, 210. 

Benzidine, 290 ; ^stuffs. 29'\ , ,, liquor, 104. 

Benzine from 5etrolf^m,^130 ; from ,, pigments, :;80. 

8hale,ril0. ^ I . ' „ salt, .34 

Benzoazurin, 354.^ ^Ip^ur, 
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Black “tar,” 111. 

,, vitriol, 4i)0. 

Blacks, Diazo, 364. 

“ Bladder lard,” 254. 

Blanc fixe, 386 ; as a loading 
material, 366. 

Blank cartridges, 4.33. 

Blast furnace slag for cenaent. 164. 

Blasting gelatine, 432 (see Gelatine^ 
lilaHlxny). 

Bleach, 57 : Electrolytic, Prepara- 
tion of, 57 . 

Bleaching, 281 ; by alkaline peroxides, 
456 ; by bleaching powder, 285 ; 
by chloride of lime, 285; by hydro- 
gen peroxide, 283, 284 ; by oxida- 
tion, 283 ; by potassium perman- 
ganate, 287 ; by reduction, 283 ; 
by sodium peroxide, 283 ; by sul- 
phites, 283 ; by sulj)hur dioxide, 
283 ; Electrolytic, 286. 

Bleaching powder, chandwra, 46 ; 
Manufacture of, 40; Production 
of, 46. 

Blende, Sulphur dioxide from, 6. 

Blind roasters, 28. 

Block ganibior, 400. 

,, kioscrito, 453. 

,, printing, 361. 

Blood albumin, Application of, in 
calico-printing, 362. 

Blood, Defecation of sugar by, 192 ; 
Dried, as manure, 123. 

Bloom deposited by tannins, 398. 

Blown oils, 251. 

,, rape oil, 2.6 1. 

Blubber of whale, 2.55. 

Blue, Aniline, dyestuffs, 309. 

Blue bricks, 15S. 

,, from auisidine, 356. 

liras limestone, 143 (see Lime- 
fit one). 

,, oil, 111. 

,, pigmerits, 376. 

,, stone, 449, 

„ sulphur, 377 . e ' 

,, vitriol, 449. 

Blues, alkali. Application of, 369 ; 
Aniline, 308. 

Body of pigments, 369. 

Boiled-off liquor, 283 ; silk, 283'. 

Boiled linseed oil, 250 (see also 
Linked oil). 

,, oil, 250. , 

Boiling and mashing, Influence of 

Cwater used for, in brewing, 214.' 

“ Bombonnes,” 29. 

Bombyz moyi, 277. 

Bone, Aivalysis of, 113. ^ . 


Bone-ash, 121 ; superphosphate from, 
121. 

*15000 black, 380. 

,, charcoal, 114. 

,, distillation. Ammonia from, 
115 ; Gas from, 115. 

„ fat, 244 ; an adulterant of 
tallow, 253 ; Recovery of, 
113. 

,, flour, 121. 

,, meal, 121, 

,, oil, 114, 244; Specific gravity 
I of, 114. 

I Bones, Destructive distillation of, 
113; Dissolved, 121 ; for manure, 
121 ; Glue made from, 421 ; Nitro- 
gen in, 121. 

Boracic acid (see Boric acid). ^ 

Boracite, 453 ; Stassfurt, 440 ; 
Turkish, 440. 

Borate, Chromium, 380 ; glass, 174 ; 

MangaiMui.s, as a drier, 250. 

Borax, 441 ; Californian, 440 ; crude, 
Composition of, 441 ; Prismatio, 
441 ; Octalicdral, 441. 

Bordeaux B, 294. 

,, mixture, 221. 

Boric aci<l, 440 ; as a preservative, 
440 ; 'I’uscany, 440 ; Uses of, 440 ; 
Winning of, 440. 

Horic anhydride, 440. 
Borouatro-calcite, 440. 

Bot marks. Prevention of, 394. 

Bottle nose oil, 244. 

“ Bottom acid,” 16. 

,, fermentation, 216 (see also 
Fermentation). 

,, yeast, 216, 217. 

Bottoms for basic dyestuffs, 353. 
Bouquet of wine, 222, 223. 
Bouimy-Faucher method of nitrating 
glycerine, 430. 

‘''B. 0. V.,” 16. 

B^jwk, Lime, 285. ' 

Bran di'ench, 407 ; Acids in, 408. 
Brandy, 225 ; Brown, 225 ; Colour 
of, 225^ Grape, 225 ; Marc, Fusel 
oil from, 225 ; Yield of, from wine, 
225. 

liranaica campestn's, 248. 

Brazil wood, 345, 355 ; Colours pro* 

• .laced 345. ^ 

Brazilcin, 345. 

Brazilian yellow wood,r345. 
i5(-azilin, 3^5. 

Breaking flax, -279. 

,*■, hidos^ 405. 

“ Break! ngiet he grain,' ’ 27(X , 

(Breeze, Chifrcoal, J8. 
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Bremen blue, 379. 

Brewers’ grains, 213. 

Brewing and distilling, 204; Bitter 
principles for, 209; Boiling wort 
m, 213 ; Character of barley for, 
207 ; Coolers used in, 213 ; Cooling 
wort in, 213; Effect of alkaline 
water in, 214; Effect of scMliumj 
chloride in water for, 214; ln-| 
fluence of water on mashing and 
boiling in, 214; Proportion of I 
yeast used in, 214; Kefrigonitors 
used in, 213 ; Starches fur, 209 ; 
Sugars for, 209; Water for, 210; 
water for. Analysis of, 210; Waters 
rendered fit for, 210. 

Bricks, 157; Artificial. 154; Blue, 
158; Burning of, 158; clay for, 

• Analysis of, l5vS ; Colour of, 15H ; 
Fire, 158; Cla/.od, 158. 

Brilliant green, 355. 

,, scarlet, 384. 

Brimstone, Roll, 2, 

Brine, Analysis of, 25; Boiling point 
of saturated, 25; Pumping, 24; 
Saturated, for ammonia .soda pro- 
cess, 48. 

British gum, 203; Manufacture of, 
203 ; Uses of. 203. 

Brix degrees, 184. 

“Broken baths,” 300. 

Broinination, Method of, 314. I 

Bromine absorption, 241. 

Bromine, Application of, 314 ; Ex- 
traction of, 458 ; Impurities in, 
459; Purification of, 459; “8ol- 
idified.” 459 ; Uso.s of, 459. 

Brown acetate of lime, 104. 

,, oil of vitriol, IG. 

,, sugar of lead, 104. 

,, vegetable colouring matters, 
346. 

Broxburn slialc, Yield of productg 
^rom, lOG. 

Brunswick black, 115. 

„ blue, 378. 

,, green, 379. 

„ ,, Analysis i»f, .380, 

Buff, Iron, .349. 

Buffs, 416. • 

Burners, 78; Efficiency of different 

J as, 80 ; Illuminating effect of gas 
v#i# in different, SO ; Kern, 7T; 
typical gas, 78. * 

Burning naphta, 89. I , 

,, oil from petroieui rel’iiinl, 
131. 

Burton water, IJIO. • 

Burtoniging water^*211. • 


Butane, 130. 

Butter, 2,34 ; Casein in, 254 ; Cociia, 
243; Comp(»silion of, 254; de- 
fined. 2.34; fat, 2.34; fat, PropiM iio.-* 
of, 254 ; rancid, Butyric acid in, 
254 ; suliMiituie, 254. 

Buttery oils, 2.32. 

Butt of bides, 407. 

“ Butts,” .394. 

Butyl alcohol, 233. 

Butyric acid, 2.39 ; iu r.ancid butter, 
2,34. 


C 

Cachou de L:ival. .3;>S. 

Cadmium sulpliidt*. 3S2. 

„ y.dl..w, .382. 

C<Fm/pin{>i, 315; hrtri/ctJi'i, 401; 
amann, 400. 

Cake.s, Oil, 249. 

(’al.'imus root , 230. 

('alcaronc, 1. 

Calcium bisulphile, G; for making 
wood pulp, 3()8, 

,, carbide, 8.3; .ilcolol from, 

253 ; cy.inulc fi otii, 4G0. 

,, carl»oiiit(', Ois.'iocial ion of, 

137, 138; Ileal of I oi Illa- 
tion of. 13S; ill gun- 
t-oltf)n, (28. 

,, clilorati*. IT. 

,, eliloridtr, Kuiiclion of, in 

Weldon procc.-j.s, -1.3. 

,, citrate. 4 15. 

,, cyanamide, IGO. 

,, manganile, 42. 

,, iiionosaci-baratc, 181. 

,, oxal.ite, 41.3. 

,, aaecliarate, 181. 

,, milpliate, 142: as a Idhdi;^ 

in.'itcrial, 3Gri. 

snl|)bide a.s dejiijatory, 40,3. 
,, t irtrate, 441. 

,, tbiosnlpliatc, 384. 

Calcutta lins^^al oil, 2.30. 

Caledonian white Ic.id, .374. 

Calendering, 3G6. 

Calf-kid, 413. 

Calic^o, 122; Extraction of iodine 
from, 459. 

Calico-printing, 3Gl ; tSlylos of, .3(51, 
362, *303 ; Thickening agents for, 
3il. 

Californian borax, 440. 

Camomile, a hop substitute, 21U. 

Camphor, 258. 

Camphors, 25S. 
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Capiwood, 346, 

Canaigre, 401. 

Candle moulds, 269. 

Candle power of cannel gas, 77 ; coal 
gas, 77 ; coal gas determined, 76 ; 
oil gas, 84. 

Candle, {Standard, 76, 269. 

,, wick, Function of, 268. 

,, wicks, Treatment of, 268. 
Candles. 267 ; Moulded, 269 ; Ozo- 
kerite, 269; Paraffin, 269; Poured, 
269 ; Raw materials for, 267 ; 
Sperm, 269 ; Stearin for, 268 ; 
Stearin (stearic acid), 272; Wax 
for, 26 S. 

Cane sugar, 176, 177 (see also Sugar, 
Cane) ; Fermentation of, 215 ; 
juice (see also Sugar-cane juice). 
Cannabis saliva, 280. 

Cannel, Composition of, 66 ; for 
enriching gas, 80 ; gas, Candle 
power of, 81 ; Tar from, 81. 
Caoutchene, 260. 

Caoutchouc, 260 ; Behaviour of, 
when heated, 260 ; Ceara, 260 ; 
Para, 260 ; Solvents for, 260 ; 
Vulcanised, 261. 

Caput moriuum, 23. 

Caramel, 196 ; for colouring beer, 
196, 219 ; for colouring sherry, 
197 ; for colouring spirits, 223 ; 
for colouring stout, 206 ; for 
colouring vinegar, 197 ; made from 
starch sugar, 197. 

Carbide, Calcium, 83, 253, 460. 
Carbohydrates, 176 ; of barley, 207. 
Carbolate, Sodium, 89. 

Carlwlic acid, 89; Specific gravity 
of crude, 89. 

Carbolic oils, 89. 

Carbon bisulphide, 463 ; Boiling point 
t of,»’463 ; Heat of formation of, 463 ; 
Plant for making, 463 ; Removal 
of, fror^ coal gas, 74 ; Specific 
gravity of, 465. 

Carbon black, 129, .386. 

,, density, 78. t ' 

,, from acetylene, 84. 

Carbon dioxide from breweries, 220 ; 
in exit gases from ammonia-soda 
process, 51 ; in lime kiln gases, 61 ; 
Liquid, for preserving beer,' 220. 
Carbon, Cas, 70; Retort, 70. 

Carbon tetrachloride, 247, 46,6; Boil- 
ing poipt of, 466 ; Specific gijavity 
...^f465. , ' 

^ ’^Carbonate vessel,” 74. 

Carbonates, alkali, Saponification 
with. ‘>»4. 


Carbonating tower for ammonia-soda 
process, 50. 

Carbonation of tank liquor, 33. 

Carbonic acid from breweries, 220. 

Carbonising in retorts for gas pro- 
duction, 67 ; wood in kilns, 99 ; 
wood in retorts, 100. 

[Carbonyl chloride, Application of, 
308, 328. 

Carburine, Enriching gas by, 82. 

Cardamoms, 230. 

Carmin, 348. 

Carmine, 348 ; C!)ochineal, 387. 

Carminic acid, 348, 387 ; Alumina 
lake of, 248. 

Carnallite, 124, 152. 

Carriers, Oxygen, 307, 308, 330. 

Carthamin, 347. 

Carthamm tmetorius, 347. ^ 

Casein in butter, 253. 

Cassava, 202. 

Casscl yellow, 383, 

Cassia, 230. 

Cast-iron vessels, Concentration of 
vitriol in, 18. 

Castner cyanide process, 460. 

Castner-Kellner process, 69. 

Castor oil, 243, 251 ; group, Oils of, 
243. 

Catalytic process, 19. 

Catechu, 347, 400. 

Cathode secondary, 60. 

Caustic ash, 34. 

,, liquor, Analysis of, 36. 

,, pota.sh, 454. 

,, soda, 35 (see also (8(K/a) ; by 
electrolytic process, 58. 

Caustici.sing process, 36. 

,, soda ash by fusion with 
ferric oxide, 52. 

Ceara, caoutchouc, 260 ; rubber, 360. 

(ycdar oil, 2.58. 

^Ceclrene, 2.58. 

Cedrenes, 257. 

(relestine blue, 358. ‘ 

Cells, battery of, for sugar diffusion 
process, 180. 

Celluloi^, Solvent for, 233. 

Cellulose, Destructive distillation of, 
64 ; for paper-making, 365 ; hexa- 
nitrate, 428 ; 'nitwited, Varnishes 
from, 263 ; Nitration of, 428 ; 

■ -'Nitrq,;, 427. ^ 

Cement, > Asphalt, 1.36 ; barmiig, 
Chemistry of, 151.o 

' (Cement (‘linker. Constitution of, 161 ; 
“Fallen,” 151, 152 ; Proximate 
analysis of ,^1 51 ; Under-burnt, 151. 

Cement, ^Effect of* temperature on 
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Betting of, 142 ; for china, 421 ; 
for electrolytic cliaphragius, 58 ; 
(Irinding, 149 ; Hydraulic, 143 ; 
Keene’s, 142 ; kilns. 146. 

Cement, Portland, 1^6; Analysis of 
materials for, 150; clay for, Analy- 
sis of, 150 ; Dry process of mixing, 
145; Gypsum in, 153; Hardening 
of, 152 ; Materials for semi-dry 
process of mixing, 145; Magnesia 
in, 153 ; Materials for wet process 
of mixing, 145 ; Rotatory kilns 
for, 147 ; Setting of, 152. 

Cement, Puzzuolaiiic, 153 ; Roman, 
Analysis of, 144; .Scott’s, 143; 
Slag, 154 ; slurry, Analysis of, 
150. 

Centrifugal machine, 178, 


^rcsin, 135, 439, 
Cerium dioxide, 7! 


Cerium dioxide, 79. 

Corotate, Ceryl, 245 ; Myricyl, 245. 
Cerotic acid, 239, 256. 

Ceryl ceroUte, 215. 

Cetyl palmitate, 245, 255. 

Chalk, Analysis of grey, 138 ; Analy- 1 
sis of white, 138 ; Levigated, 
375. j 

Chamber acid, 15; specific gravity 
of, 15. 

,, crystals, 13; method of 
making white lead, 371. ! 
Chamois leather, 415. 

Cliampagne, 224. 

Chance-Clans process, 37, 

Charbon roiix, Analysis of, 102. 
Charcoal, Absorption of gases by, 
102 ; Analysis of animal, 1 14. 
Charcoal, animal, Use of, in oil re- 
fining, 245 ; in sugar refining, 
193. 

Charcoal, Bone, 114 ; breeze, 98 ; 
burning in heaps, 98; in meilers, 

98. 

Charcoal for gunpowder, 425 ; Analy- 
sts of, 425. • 

Charcoal from straw, 426 ; .Sf^^citic 
gravity of, 99 ; Wood, for purifying 
sfiirit, 232; Yield of, from wood, 

99, 101. 

“Char,” 114. , 

Cliar for sugar i%finiug, 191. 

Char, Rebuniing, 193 j Revivified, 

“C^af^^ter,” 193. / 

“ Check vessel^ 74. I 

Cheraicking, 285. f \ 

Chili saltpetre, Per-hl orate J459. ^ 
Chimney gases, Hydrochloric acid 
in, 29. ^ ^ ■ 


China, Cement for, 421 ; clay as a 
loading material, 365 ; grass, 280 ; 
grass. Bleaching, 288 ; stone, 161. 

Chinese blue, 377. 
galls, 397. 

,, process for making ver- 
milion, 383. 

,, wootl oil, 243. 

Chlorates, 47 ; Electrolytic prepara- 
tion of, 56. 

Chloride, Benzal, 258 ; of lime, 
Bleaching h}', 285 ; of lime, Bro- 
il notion of, 46. 

(ddorination, Mordanting by, 283. 

Chlorine, Liquid, 47 ; Boiling point 
of, 47 : .Specific gravity of, 47. 

Chlorine, Manufacture ot, 4n; Manu- 
facturing yield of, 43 ; Nit ric acid 
processes, 45. 

Chlorine process. Deaeon’s, 44. 

(Chlorine for making hy<lroehloric 
neid, 63 ; Recovery of, by Wehlon- 
IVchinoy process, 55 ; in ammonia- 
soda process, 54 ; process, Mond’s, 

('hlorine stills, 41. 

Chloroform, 465. 

Cldorosulphite of lead, 374. 

(dioleslerol, 244, 276. 

Cholino in hops, 20ih 

(’hondrin, 420. 

Chromate, Ammonium, 380; Barium, 
382; Basic lead, 382; Lead, 38 1 ; 
Mercurous, .380; Sodium, 447; 
Stannic, as pigment for glass, 174 ; 
Zinc, 383. 

Chromate.s, 447 ; Manufacture of, 
from chrome iron ore, 447. 

Chrome alum, 452 ; converteil into 
bichromate, .300. 

,, aventurin, 173. 

„ brown, .358. • ^ 

green, 380. 

,, iron ore, 447 ; .Manufacture 
of chromates from, 447. 

, , orange, 382. 

„ reif, :m. 

,, tanning, 413. 

,, yellow, 358, 381 ; “pure,” 

. 382. 

Chromic acetate, Use of, in dyeing, 
352. • 

<7hromic acid, 448 ; as a mordant, 
352 ; for purifying spirit, 2.32 ; for 
waj oleaching, 2^. j 

Chromic anhydride, 448. 

,* fluoride. Use of, in dyeing) f* 
352. 

• „ oxide, 380. 
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Chromic sulphate, Use of, in dyeing, 

. 352. 

,, thiocyanate, Use of, in 
dyeing, 352. 

Chromite, 447. 

Chromium acetate as a mordant, 362. 
,, borate, 380. 

,, fluoride as a mordant, 359. 

' ,, greens, 380. 

. ,, monlants, 352. 

,, phosphate, 380. 

Chromogen, 292 ; T, Application of, 
359. 

Chrornophore, 292. 

Chromotropic acid, .359. 

Chromotrops, 358. 

Chryaamiue, 357. 

Chrysaniline, 306 ; Manufacture of, 
336. 

Chrysoidine, 293, 35.5. 

Chrysonhenin, 354. 

Cider, Composition of, 224 ; vinegar, 
237. 

Cinnamic acid, 259. 

Cinnamon, 2.30. 

Citrate, Calcium, 44.5. 

Citric acid, 445 ; as a resist, 363. 

Claret, 223. 

> Clarifying wine, Beech .shavings for, 
236. 

Classen’s dextrose process, 196. 

,, starch sugar process, 196, 

Claus kiln, 38. 

Clay, 156 ; Analysis of, 156 ; of 
brick, 158 ; of tiro, 158 ; China, 
as a loading material, .365 ; Cor- 
nish, 1.57 ; for Portland cement, 
Analysis of, 150 ; Gault, 145 ; 
industries, 156 ; Manufacture of 
alum from, 4.51 ; marls, 157 ; 
Plastic, 1.57 ; Porcelain, 157. 

^ Clan's, Classification of, 157; Fire, 
167 ; Fusibility related to com-^^ 
positiop of, 1 57 ; Plasticity related 
to composition of, 157 ; pottery, < 
Analysis of, 156 ; pottery, Pro- 
perties of, 156, ^ 

Clean spirit, 227. 

Cleansing and softening hides, 404. 

,, beer, Systems of, 219. ** 

„ fibres, Principles ojF, 282. 

Cliol^ process for making* white^ 

Clinker Cement, 149. , 

Clo^e ter*;, Flashing point, 131 r 
woods (dyewoods), 345. , 
®^loth brown, 358. i 

„ red, 358. 

Coal, Detractive distillation of, 


Coal distillation, Distribution of 
nitrogen in, 70 ; Influence of tem- 
perature of, 69; Lime used in, 70; 
Steam used in, 70. 

Coal, I'uiergy value of gaseous pro- 
ducts from, 82; for alkali manufac- 
ture, Nitrogen in, 27 ; .Small, for 
alkali manufacture, 27 ; Valuation 
of, for gas making, 66 ; Yield of 
ammoniacal liquor from, 75 ; of 
coke from, 75 ; of gas from, 75 ; 
of tar from, 75. 

Coal gas, Action of lime purifier on, 
74 ; Ammonia in, 77 ; Amount of 
impurities in crude, 75 ; Analysis 
of, 78 ; Candle power of, 80 ; 
Composition of, 75 ; Determina- 
tion of sulphur compounds in, 77 ; 
Diluents in, 78 ; Enrichment 
SO ; Enriching, by oil water gas, 
81 ; Ferric oxide purifier for, 73 ; 
Illuminaiits in, 78 ; Illuminating 
])ower of, 78 ; Influence of teui- 
peraturo of distillation on, 76 ; 
Non-illumiuant combustible gases 
in, 78 ; Uemoval of carbon bisul- 
phide from, 74; roughed,'’ 73 ; 
Standard limits for impurities in, 
77 ; Sulphur compounds in, 77 ; 
Sulphuretted hydrogen in, 77 ; 
Valuation of, 76, 

Coals, Composition of gas, 66; gas, 
Influence of composition of, on 
yield of coke and gas, 66; Yield 
of ammonia from gas, 85 ; Yield 
of coke from gas, 69 ; Yield of gas 
from gas, 69; Yield of tar by 
different, 86. 

Coal tar, 85 ; Composition of Beck- 
ton, 87 ; Constituents of, 86 ; 
Crude naphtha from, 87 ; Distilbi- 
tion of, 86 ; First runnings from, 
87 ; Light oil from, 87 ; Pitch, 92 ; 
Products from distillation of, 87 ; 

o Q^nolino from, 335 ; Specitio 
gravity of, 86. 

Coal washing, 92. 

Cobaltfblue, ,379. 

„ glass, 173. 

,, yellow, 383. 

Coccerin, 348. * 

Coeceryl coccerate, 348. 

CoccvlnH palmatm, 348. <; ^ 

Coccus 1 acti, 348. 

,, iicis, 349. * 

,, r,cca, .359. 

C<'chine‘d, 348 ; Artificial silver grain 
on, 34? ; h?aok, 3^48 ; carmine, 387 : 
GranilPa, 348^ Silver gaain, 348. 
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, ('onneclive tissne, .101. 
(.'oiiUuM cliainlKMs, ‘iO. 
,, IIIHS.**, '2 *. 

. -"‘-I ; ■ ,, “ |M'isnns,'" 'JO. 

10 . 


I 

iiiiii. 


.ifi tnar-.-iciiiti . 

<Mi lniii.itr, Ki.^ic, OSI. 

loi' (til |)iirilii Mti(tM, 1,11. 
• •w fiiiiiridi*. 

.Mamif II I urc of, 
110; r.sf.s (It, ‘J-JI. I ‘id. 

I •. I.'O ; \at for willi 


( • •1*1. ill. *J.VJ. 

< 1 17. 

( 'orallitK- ycK.iw 


;ni. 


Cocoa butter, 24,3. 

,, gunpowder, 42ti. 

Coco nut cake as hxidtT, 2r>.1. 

Coco-nut oil, ‘2o2 ; ddiavoiu ci I . 
for margarine, 254; niuhi li.dns, : pro.. 

268; I’roportics of, 252 ; Ki tining , (5»|>.il, 2 )!i. 
of, 252 ; Yield of, 252. i Cop d w ing. 

Coco.f vnn/n-a, 252. ; C<ipjt(*c otk«- oven. 05. 

Cod-liver oil, 244, 2.)5 : Atiidterat ion.-i j ( oppt'r. Aciii>ii of a<*et \ Icin' on, S.3. 
of, 255; Medicinal, 255 ; l*roperlie.< ( oppi r a< , I'.a'-i.-, .tsl. 

of, 255 ; TannerV, 2 x>. .. .ici 

Co4estine, 456. 

Cmrulein, .115, 1.’»5, 151). 

Coffey still, 227 

Cognac, 225 ; Analysis of, 225. 

Coke, Analy.si.s of, Dl. 

Coke from ])ett(dcum distill.-itn-n, 

113 ; (ias, 1)2. 

QDkcoven,12; Ileidiivo, ill; Coppce, 

1)5 ; .'''imon-Cat \ cs, 1)6. 

Coke, Yield of, from etjal, til). 75 ; 
from Simun-C'arves oven, 1)7. 

Coking in lieajt.'^, IH ; in nicdcni .( '..nine. 412. 
ovens, 1)5; with recovery of [no ( onandcr. 2lo. 

<lucts, 15. 

Colcotliar, 23, 1S5. 

Cold drawn oil. 215. 

,, press, Oil from, 245. 

Colinin. 146. 

Collagen, 11)1. 

Collodion for manih's. 80. 

,, cotton, 421). 

Colloidal character of starch, 202. 

Colophony, 258. I 

Colour, Armstrong’s theory of, 21)S ; ' t 
correctives, 165, 202, 177. 

Colour lakes, 151. 

,, of mixed pigments, 160. j 
,, printing, .161. ! 

Colouring matters, 291 ; Miner.il, j 
349. ! < 

Colours, Aniline, 101 ; 14» .ehtpers 
for, 1.56 ; f'asl, detiiied, 2ft9 ; In- 
gmin, 297, 156. 

Column still, 227. ' 

Col/.a oil, 248. 

“Cooler grounds,” 213. 

Coolers used in hrewirig, 213. • 

Combustion tube glass, Iteason for 
refractory charaele.#; of, 171. 

Condensers for * gas making, 71; 

Guttmann’s nitric acid, II. 


_ ( (M iin. 11»| . 

' ( '• rium. 1''0. 

. ( ’<iriii..'b clay. 1.57; '-totK', 16!. 

C<»n* < live- (•..l..nr lu: gl.i.s.-, 16.5 
if<..vne>, 1711. 

C’dlltin, 278; .Aflnm nl .icid.s and 
alkalies on. 279; lihMclinig. 2S1 ; 
d\< iiig, .1.54. 

ill I ton libre. 278 ; .\n.ilysi., of. 279 ; 
Strin i me of, 27''. 

•ttoii, I'lix ro!di r t han, 2811 ; Kl.i.x 

lo p.'it'd wiib. 270: Iblition of, 
to dvf-iiill.., 201 ; .8comin2, 284 ; 
.8ioiiiiiie. (In-mihtiy oi, 28.1 ; 
'• .''t:i|;li- ■ oi, 270; Ai ll"W eolonr 
ot lile.ieh'-d, ('oirecled. 2''6. 
tottonsiM'l bluf, 210; cake us 
lodd' i , 210. * 

4i')t(on seed oil, 243, 248 ; an adul- 
terant of lard, 254; gr»np, Oils 
of, 242; I’nfperties of, 240 ; Uses 
<-t, 249. . 

Ootlon-sced st)*o jri, 249 ; an ;idul- 
terant of tallow, 251. 
t 'otton .singeing. ‘284 ; wool, 278. 
(.'(flieb, Bai ley, 205. 

Covcrii^ power of mixed fiigments, 
369. 


Co'*iiS %g%r’.s,Temjjeraturemyi.sure^fj blraeking ’ of hydrocarbons in gas 


by, 16U. 


Confectionery llAourings. 25.8, 

Congo red, 296, 354. ? 

Coniferine in becL jaice, 17'*d « ^ 

Conifers, a source ^f turpenfjnie, 256. ! Creoliii, 80. 
Coniine, 11*. . CiSio.sol, 103. 


making, 70; pelrolenm, 120. 

pV ’rmfc,'’ ltl2. • 

t>eaniof tart.'ir, Uscof, iri<lyeing,15W ^ 
1 Cre.jLm separ.iled from milk, 254. 


31 
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Creosolic acid in soap. 276. 

Creosote for ligiiting, Use of, 91; I 
oils, 90 ; Wood tar, 102. 

Cresotinic acid, 408. 

Crcsylic acid, 89. 

Crinison lakes, 848. 

Crocein orange, *294 ; scarlet, 296. 

Cros^ and Young’s cyanide process, 
462. 

Croton oil, 248. 

Cruciferre, Oils of the *242. 

Crust, 412. 

( rust of wiiu!, ‘223. 

Crutch pan, 266- 

(Jryolite, Carbonate of sodium i)re 
pared from, .56. 

Crystal carbonate, 34 ; tannin, 39/ ; 
violet, *285, 808. 

Crystallisation of salts with each 
other, 450. 

Cube sugar, 194 ; gamhier, 400. 

Cullet, 165. 

Cupric arsenite, 381. 

Curcas oil, ‘243. 

Curcuma tiurtoria, 346. 

Curcuinin, 346. 

Curd soap, 265. 

Curried leather, 41 ‘2. 

Currying leather, 417 ; Oils used in. 

“Curtains ” of vitriol chambers, 7. 
Cutoh, .847, 400. 

Cuttle fish secretion, 387. 

Cyanamide, (’alciuni, 460. 

Cyanamine, 3‘27. 

Cyanide, Hariuiu, 460. 

, , Calcium, 460. 

,, rotassium, 462. 

Cyanide.s prepared from gas puritier, 
461 ; Production of, 460. 

Cyanine, 33.5. 3.59 ; Iso-amyl, 3.85. 
jiJyrfliines, 335. 

Cyanogen compounds, 460; Formal, 
tion of, from carbon and nitrogen, 
460 ; Heat of formation of, 460. 
Cylinder oils, 133. , 

Cyniene, ‘257. ' 

Cymogene, 180. 

D 

Deacon’s chlorine process, 44. 
Dead-burnt lime, 141. 

Deblooming mineral oils, 132. 

a oils, Nitronaphthalene 

* for, 91. ' ^ 

^Decortication, 249 ; of seeds, ‘245. 
Defecation of juice of beet, 181 ; 
of sugp^' by blood, 192. 


D^gras, 415, 417 ; former, 417. 
Degreasing skins, 405. 

Demerara sugar, 19*2 ; Tin in, 194. 
Denatured spirit for varnishes, 235. 
Denaturing alcohol, 284. 

Denaturing spirit, German system of, 
‘235 ; Oil of turpentine for, 235 ; 
Pyridine bases for, *284. 

Denitration of artificial silk, 278. 
Denitrifying organism, 123. 
Dephlegmator ^r benzol still, 88. 
Depilatories. 405. 

Denmobacterium hydrogenif jr wm, 343. 
Destructive distillation, Princijilea 
of, 64 ; Typical products of, 65. 
Detergent action of soaps, 267 ; pro- 
perties of soap enhanced, *264. 
Detergents, 443. 

Detonation, Explosion contrasUd 
with, 4*2.8. 

Detonators, 433. 

Developers for ingrain colours, .854. 
Devitrification of glass. 170. 

Dextrin (dextrine), 203 ; Achroo, 
212 ; Erythro, 212 ; Malto, 212 ; 
Manufacture oC 203 ; Uses of, 203. 
Dextropinenc, 257. 

Dextrose, Composition of commer- 
cial, 196 ; for sweetmeats, 197 *, 
IVoperties of, 196 ; Purification of, 
197 ; Sweetening power of, 196. 
Diabetic patients, Sugar for, 197. 
Dialysis of glycerin, *273. 
Diainidoazobenzene, Formation of, 
*293 ; Formula for, 293. 

Diamidogen black, 296. 

Diamidotriphenylmethane dyestuffs, 

310. 

Diamine black, 354 ; blue, 354 ; fast 
red F, 357 ; red, 354 ; yellow, 
358. 

Diamond black, 129, 386 ; yellow, 
358. 

Diastase, ‘207 ; Analysis of, ‘,^08 ; 

^ Effect of antiseptics on, ‘208 ; Iso- 
lation of. ‘208. 

Diastatic power of malt, 208 ; Lint- 
ner’a-standard of, *208. 
Diaz.oamidobenzene, Preparation of, 
332. ' , 

Diazobenzenc chloride, Formula for, 
293 ; Formation of, ‘293. 

‘Diazo Hacks, .854. ^ 

Diazo-cVmpounds, ‘292 ; defined, 294. 
Diazotivng, Process of, 293. 
Dicalciipi phosphate, 119. 

1 ifethylaWidophenolphthalein, 315. 
Diethyln.eta^jidopVenol, 316. 
Dietz8oh^kiln8,^U6. ^ 



INDEX. 


483 


Diffusers for sugar extraction, 180. 

Diffusion process for extracting beet 
sugar, 179 . 

Dihydroxyanlhraquinone quinoline, 
31) I. 

Dihydroxy naphtlio(iuinono, ‘J9S. 

Diliydroxyplilhalo])henone, .312. 

DihydroxytarUiric acid, .329. 

Dihydroxvtoluic acid, Formula for, 
:m7. 

Diluent.s in coal gas, 7S, 

DijuethylaiuidoazolH'ii/.ene sulphunie 
acid. Form u la for, 293. 

Diniethylaniline, 30S. 

Dimetl)ylparaphcnylenediamine,3lS; 
Applioatioti of, 324 ; Sulpho.sul 
phonic acid, .325. 

Dinas fireclay, I.IT. 

Iiinitro-(i-naphtlio], 291. 

Dinitro-herizene, Mainifactureof,303. 

1 )inii I'osore.sorciiu)!, 32 1 . 

Diiismoro procc.ss, 8.3. 

Diljhcnylene a/.ine, 31(i. 

Djphenvlnaphthvliuetliane dyestuffs, 
3J9. ‘ 


“ Double superphosphate," 119. 

“ Draff," 220. 

Drawing gas retorts, 09. 

Dienehing sUins, 407. 

Dressed leather, 412. 

Dressing leather, 412. 

Drier for manure luanufact uri', 435 ; 
l.itliarge as a, 250 ; Mangane.so 
bora I e as a, 2.’>0. 

Driers, 2.')0. 

Drijis, .\eid, in vitriol chambers, 

10 . 

Dropping pipe, 22S. 

Drying oils, 243, 249 ; defined, 240; 
N. ini-, 219. 

Drvsalled hide'. .394. 

human and Ni’wlamrs piaa-ess, fOl 
' Dung, Application of, in making, 
whit I* load, 370. 

Dust from pyrites burners, 7. 

Dutch plot »>s fur making vermilion, 
.3S4 ; while haul, .370. 

Dyeing ami mordants, .3,‘)0 ; lialh, 

( ircunistanees influencing consii- 
! tutimi of, .3.‘)0. 


Dippol’s oil, 1 14. 

Dips, 'fallow, 20s, 

Direct colours, Dyeing silk with, .359; 
dyes, 351 ; dye.stulfs, Fxamples of, 
3.34. 

Disaccharides, 176. 

Disazo - compounds defined, 294 ; 

dyestuffs, hortnation of, 295. 
Discharge pastes, < txidising, 303 ; 
Ibiducirig, 302. 

Discharge, Stannous acetate as a, 
302 , style of calico-printing, 302 ; 
Zinc (lust as a, 3()2. 

Discharging" silk, 283. 

“ Diseased ’’ wool.* 275, 

Di.seases of lioer, 220. 

Disinfc(;tants from petroleum, 134. 
l.>i sodoxyanllira(iuinone, 300. , 

Dis jticialion of calcium carbonate, | 

1.T7. •; 

Dissolved bones, 121. j 

Distillation, Destructive, 04, j 

Distilled oleic acid, 271 ; vendigrl.?, i 

;f 81 . 

Distillers’ grains, An^jlysis of, 2.20 
Distilling and brV!wing, 204. 
Di-strontinm .s.t xdiarate, 189. 
Di^dip.iiOO. # 

Dode(iatyl alcohol, 244; olea^, 

S .seiolejitc, f,i5. • 

^ c acid, 239, 244. 

Dcegling oil, 244. 

Dolomite limestojje, 137 
Dongola leather, 414.^ 


Dyeing cotlun, 354 ; with ac id 
c olours, ,3.')5 ; with linsic colours, 
355; witli dirc'ct dyesfnils, 354; 
with mordant dyes, .35.); with 
special dyes, 3.35. 

Dyeing, (’)i('mical theory c)f, 289 ; 

( oj)-, 3.30 ; tieneral princ iple's of, 
289; Hank-, .3.")t) ; ingrain, Advan- 
tage of, 297 . ingrain, .Nhahocls of, 
297; Jutc', 300; b<>athc'r, 417; 
Methods of, 35t); mixcMl fabrics, 
3.30, 300, 301 ; Physical thriory of, 
290; Theory of. 29n ; tone pi odncecl 
in, Influe.nce cif tiie fibr(! on, 35tl ; 

‘ V'at ," with indigo, .342; V\'al(*r 
for, .304 ; Wilt’s tlu'ciry of, 292. 

Dyeing silk, .359; with ac:id (loloTirs,* 

I 3<50 ; with liasic colours, 33tl ; with 
direct colours, 359 ; witli»mordaiit 
colours, 300. 

Dyeing slyljj of c alico-printing, 302. 

Dyeing with anfiinc lilack, 33(> ; witli 
basic; Iciid oiiromate, 349 ; with 
chrome yellow, 349; with cochi- 
^leal, .348. 

, Dveing^witli indigo, 342 ; ( 'ojipctras, 

I vat mr, 342 ; Mydrosul[)bit(* vat 
I ^ or, 342 ; VVfiod vat for, 342. 
j Dyeing ♦vith ingrain colours. 354 ; 

^ witbkhaki, 349 ; wdlli leacfcliDif/m- 
I at'* .349 ; with manganese brow#! j 
349; with (jrangc chrome, 349 ; 
.with Prussian blue, .349. 

19/eing wool with acid colons, 357 ; 
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with basic colours*, 357 ; with Eau de Javdle, 47. 
direct dyes, 356 ; with mordant ,, Laharraque, 47. 
colours, 358. Ebonite, 261. 

Dye, Lac, 259, 349. E.C. powder, 430, 

Dyes, Acid, 3.51 ; Acid, classifiecl, Edge runner, 388. 

357 ; Adjective, 289 ; Aniline, Egg-yolk, Application of, in tannings 
303 ; Basic, 351 ; Direct, 351 ; 41,3. 

distinguished from dyestuffs, 289 ; Elaidin reaction, 242. 

Mineral, 349 ; Mordant, .351 ; Elaia guineaisis, 2o‘2. 
mordant, ExampU.'S of, 355 ; Elastic fibres, 392. 

Special, 351 ; Substantive, 289 ; Elastin, 392. 

substantive. Examples of, 354. Electric furnace for cartjon disid- 
Dyestufts, Acridine, 336 ; Adjective, phido, 463. 

defined, 289; Application of sul- ,, ,, for phosphorus, 436. 

phonic acid, 357; Aurine, 310; ,, tanning, 411. 

Ay.o, converted into mordant Electrodes for alkali making, 57. 
colours, ,3.58 ; Azo-compounds, 292 ; Electrolysis of magnesium chloride, 
blue, Aniline, 308; Classification 286; Preparation of bichromato 
of, 292 ; classified according to by, 448. D 

mode of application, 350 ; contain- Electrolytic bleaching, 286. 
ing sulphur, 323, 338 ; Uiamiilotri- ,, diapbragiu.s, 58. 
phenylmothane, 310; Diphenyl- Electrolytic preparation of alkali, 57; 
naphthylmothane, 309; Disazo, of bleach, 57 ; of chlorates, 57. 

295 ; distinguished from dyes, 289 ; Ellagic acid, 398. 

ilistiuguished from pigments, 289 ; Elution, Sugar recovered from 

Examples of direct, 354; Forma- molasses by, 188. 

tion of arnidoazo, 293 ; Formation Emerald green, 380. 

of hydroxyazo, 293; from naph- Emeraldinc, 331. 

tliols, 294; Mctliylation of aniline, Emulsifying power of lanolin, 276. 

308 ; Natural organic. 339 ; Nitro- Emulsin, 258. 
compouiuls as, 292 ; Organic Encaustic tiles, 1.58. 
synthetic, 292; Oxazinc, .326 ; EndogenQus divi.sion of yeast, 215. 
I’hthaleiir, 311; Prinuilino, 296; Energy absorbed in production of 
Quinone derivatives as, 297 ; Rela- water gas, 81; changes in alkali 
tiou of cotton to, 290; Relation of processes, 61 ; into light, Conver- 

fibres to, 290; Suhatanbivo, de- sion of, 80; of explo.sives, 422; 

fined, 289 ; Sulyihurised, 338 ; Tri- value of gaseous products from 
hydroxytriphcuylmetiiano, 310 ; coal, 82. 

Triphenyimethaue, 302 ; Tetrazo, Engine oil, Olive oil as, 247. 

294 ; tetrazo, Formation of, 295 ; I'aiglish galls, 397 ; soft porcelain^ 
Violet aniline, 308 ; Witt’s Theory 161; sulphuric acid, 23. 
o'f, 292. Enriching coal gas by oil water gas. 

Dye woods, 344. i 81. 

Dynamit ?, 431 ; Exydosion of, 432; Enriching gas by acetylene, S3f; by 
tielatino, 432 ; Manufacture of, benzene, 82 ; by carburino, 82 ; 
431. by naphthalene, 82; by tar, 83; 

Cannot for, SO. 

EnricK-nicnt of coal gas, 80. i 

E Enzymes, 204; 'L’ypical effect of, 204. 

Eosin scarlet, .“’14 ; Soluble, 314. 
flABTiiKNWARE, 162; Kilns for, 16.3. Eosins, 313. ^ 

Earth nut oil, 242, 248; cake, 248 ;, J^ljndermis. 389. 

Detection of, ‘248 ; Iodine absc'p- Epsonl'^salts, 453. « 

tiou of, 248 ; Saponifioaiion Kquiva*V*nt8, Mean, ^f oils ascertained,, 
e'^uiv.vlcnt of, 248; Specific gravity 241. 4‘- 
-.p ot, ‘248; Uses of, ‘248; YioH Ercctoi^^muscle, 390. 

248. R'odin.^OS. 

East India kips, 394; linseed oil, Erucate? Cl'‘ceryl/-248 
250. f Erucic acid, 239, ‘242. 
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Erythrin, 347. 

Erythrines, 314. 

Erythro-dcxtrin, 21’2. 

Erythrosiii, 314. 

Erythrozyiiif, ‘J39. 

Esparlo, ‘JSU, 3(5r> ; hoiliii*;, .3(»H ; 

Manufacture of puju r from, 3t>i». 
Essential oils, 2.37 ; \Vinniiig of, 257. 
Etac:eofen, 146. 

Etching glass, 174. 

Ether, 465. 

,, tannin, 397. 

,, value, 242. 

Ethereal .salts, 239, 255. 

Ethyluiene lactic acid, 4 J4. 
Enphorltiacen’, 260. 

Eurhoiline, 317. 


Idontitication of. 241 ; Uendo'.ing, 
246; SajX)niliealioti of. 246. 

Fat.'^ jind oils, (’la.ssiticat idii of. 242; 
Hydrolysis ot. 2l<»; Pri p ir.ii ion 
of. 242; rro|iiM ! les and I se.s «»f, 
246, 242. 247: I's.e ol. in soap 
making, 264. 

F.itty acids applied as mordants, 

Fatty acids, Kormuhe of, 239; 

Melting point of, 239; Solid, inad«!» 
j from oleic aciil. 270; 'I'ahle of, 
j 2.3t» ; volat de with steam, 243. 
j “ Feeding l>ack.'’ 2 IS. 

! Fi'ct of cattle. Oil fnmi, 253. 

: Fehlin^l's solution, 2ttS. 

' Feints, 227 


anthic acid, .387. 

Evap(n-ator, Multiple ellect, 184,367 ; 
dViplc edeet, 184; Wet/.el, 178;^ 
ary an. 1 85. 

Excise system of stating al. oliolic 
strength, 234. ; 

Exhauster, Beale's rotatory, 71. , 

Exothermic deconiposition of wockI, 1 
105. I 

Explosion contrasted v itli tletona- ! 
lion, 423. 

Explosive juixture of g-s and aii', 79. 
Explosive, Fieric a{Md .as an. 433. 
Explosives and matches. 422. 
Exphjsives, llarium nitrate in, 430; 
(Icfinod, 422; Enertry of, 422: 
High, 427 : Measurement of ctlee. 
tive pi'css)ire exerted by, 423; 
Tv'itro-. 4 7; Kapidity of, 42.3; 
Sprengers, 433. 

Extractor for use with volat ile| 
.solvents, 246. . j 

“Extracts” for tanning, 402; 


Febpar, 1.56. 

Fennel, .Sweet, 2.30. 

I‘'eiiiient. .Acetic acid, 235; <h'iim.*d, 
201 . 

Fetanentation, Aci-tie, 235; .Atial\>is 
of prodm'ts of eano sugai', 217 ; 
Artilieial cooling for holtom. 215; 
bottom, 215; llottom of wine, 
222 ; (Micmistry of alcoholic, 216 ; 
defined, 204; (;iy<erin prtxluecd 
<luriiig, 217. 

Fermentation of cane sugar, 215; of 
grape juice, 222; of )uilk sugar, 
216; of molasses, 2.30; of must, 
222; of sugai', 215; of wme, lOllect 
of plaster of I’aris on, 22.3; of 
uort, 213; of wort for whiskey, 
226. 

Fmamaitat i«»n, Bcfrigerating for l>ot* 
loin, 21.3; Hopv, of l)e.<>r, 226; 
Starch sejmrated from glutim by, 
2tM»; Succinic acid pi'oduccd in 
.icetic, 23.5; 'I’op, 215; 'I’oj), of 


An.alysis of, 403. ^ wine, 222. 

I I'Vrmenting tuns, 215. 
j1‘’ermi'nts, AiTobic, 265 ; Anaerobic, 
g 205; Organi'-ed, 264; (Jrganised, 
F elassilied, 264 ; 'ryjiical cjlccts of, 

264; Undfg.ti^iseci, 204. 

FabiiK'S, Eflcct of heat on asbestos, Ferric «4iloride as an oxidant, 324. 

•281. Ferric oxide, .384; (’austicising S(.da 

“ Fallen” cement clinker, 151. dish by fusion with, .52; purilier 

Fulling of skins, '395." for coal gas, 73. 

Farmyard niann^c, 124. herric\^tiide, Fotassium, 462. 

Fast, cojivts defined, 289. . ’>'vricy.anidc.s us oxhlints, ,363. 

Fastness of indigo, Cause of, f 42 Fej nte, j'odium, ,52. 

Fat from omentufc of pig, 251. ylrna^vanide, FoUnssium, 40^. 

“Fat” lime, 138, Ml, ^ern^us acetate, Use id, in dyel5(g, 

Fats, 239 ; Differere ■ of, fror* m i - ^ , 352. 

241; Hydroly.^j.s of, 269;* Hydro- ,, chloride as a carrier in ro- 
lysis of, l^steal^i, 220; Hydndysis ilucing nitroben/^ne, 304. 

of, by sulphuric s^id, 2,41, 271; * >t j|iiri)i|iite, 447. • 
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Forroua sulphate, Manufacture 

450 ; Use of, in dyeing, 
352 ; Uses of, 450. 

Fibre, Bast, 279, 280. 

,, Cotton, 278 ; Analysis of, 279 ; 

Structure of, 278. 

,, Flax, 279; Analysis of, 279. 

,, Hemp, 280. 

,, Silk. 277 ; Beliaviour of, to 
reagents, 277 ; Spoeilic gra- 
vity of, 278. 

„ Wool, 275 ; Analysis of, 270 ; 
Properties of, 270 ; Specific 
gravity of, 277. 

Fibres, Animal, (li.stinguished from 
vegctabh% 277. 

,, Mineral. 281 ; Relation of, to 
dye-stufls, 290. * 

,, 'J'extile, 275; length of, 275. 
Fibrin, 207. 

Fibroin, 277. 

Firu.'t indica, 259. 

“ Fifty per cent, ben/.ol,” 88. 

“ Figging” in soft soap, 200. 

Filling materials fur soap, 205. 

B’ilter press, 182. 

Filter, Taylor’s, 192. 

Filtration, Twill bags for sugar, 
192. 

Fining beer, Isinglass for, 219. 

“ Finings” for beer, 219. 

Finishing beer, 219; j)roce8ses in 
tanning, 410. 

Firebricks, 158. 

Fireclay, Analy.sis of, 158 ; l)ina.s, 
157. 

Fireclays, 157. 

Firing gas retorts, Percentage of 
coke needed for, 07. 

First jet sugar, 187. 

, First running.s from coal tar, 87. 
Fisetin, 340. 

“ Fishing salt,” 25. ' 

Fish-tail burner, 78. 

Fission of yeast, 215. 

Fitted soap, 205. » ' 

“ Fixed ammonia,” 53; in gas liquor, 
84. 

Fixing tannin in leather, 417. 

Flame, .Air-gas, 79. 

Flashed glass, 172. ^ 

Flashing point, close test, 131 
kerosene, 131 ; open test, 131. 

“ Flare bme,” 139. 

IJIjvVanihno, 334. 

Flaveosino, 338. 

Flavin, 340. 

FlavopujjDurin. 300, 

Flavcariiigs, 258. 


Flax, 279; “ Breaking,” 279 ; colder 
than cotton, 280 ; compared with 
cotton, 280. 

Flax fibre, 279 ; Analysis of. 279. 
Flax, Tensile strength of. 280 ; 
“Heckling,” 279 ; “ Retted,” 279 ; 
“ Retting,^’ 279; “Rippling,” 279; 
“Scutching.” 279; Seed, 249; 
“Staple” of, 280; Structure of, 
279. 

Flint glass, 172. 

Flooring barley, 200. 

Flour, Application of, in tannings 
413 ; Saltpetre, 424. 

“Flowers of madder,” 299; of 
sulphur, 2. 

Fluorc'seein, 312 ; Chlorinated, 314 ; 

Preparation of, 313. I 

Fluoride. Antimony, 353 ; Chromic, 
352 ; Chromium, as a mordant, 360; 
Sodium, as an antiseptic for beer, 

Fluorindines, ,334. 

Food, Lard as, 254 ; Oils for, 218^ 
249, 2.31. 

Fore-shots, 227. 

Forge sc.aic, 1 72. 

B’or m aid e i ly ( Ic . .392 . 

Formalin!', .392. 

Formic acid, 442 ; for bating, 409. 
Fortified wines, 223. 

Foul main, 7 1 . 

Fourners burner, 79. 

Fractionation of crude benzol, 88 ; 
of whiskey, 220. 

“ Free ammonia,” 53 ; in gas liquor, 

84. 

Freezing, Concentration of glycerin 
by, 273 ; Purification of benzene 
^ by, 88. 

French proces.s of making white lead, 
372. 

' Frt'nch turpentine, 257. 

, Frit, Porcelain, 161. ' 

“ BVtting,’’ 101. 

Fritts, Lead, 10.3. 

Frizz, 405. 

Frothing ju'cventcd in whiskey stills 
by soap, 220. 

Fruit, Oils won fpim, 254; sugar, 
190. 

’ Fuchsuie, 300. ^ 

Full blyich, 286. 

Kulmiu, te of mercif y, 433. 

I Fungi, *204. 

F.yrlural in brandy, 225. 

Fusee.s, 438. 

Fusel oil, 21^, 227 f Analysis of, 2.33 ; 
Content of,4n crude spirit, 233; 


of, 
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from boot, 233; from brandy marc, 
233 ; from grain, 233 ; from 
potatoes, 233 ; in whiskey, 227 ; 
Removal of, from crude spirit, 
232 ; removed from spirit by oxida- 
tion, 232. 

Fustet wood, 346. 

Fustic, 346. 

Fustin, 346. 


Galactose, 176. 

Galena, Lead sulpluite manufactured 
from, 373. 

Gall and West-Knight process, 89. 

Gallein, 314. 

^iallie acid, .397 ; Application of, 315. 

(Jallipoli oil, 247. 

Gall-nuts, 397. 

Gallocyanin, 327. 

Gallollavino, 3.''>9. 

Gallo-tannic acid. 397. 

Galls, Acorn, 397 ; Ikssorah, 397 ; 
Black, 397 ; I Hue, 397 ; Chinese, 
397; English, 397 ; Extraction of 
tannin frt»m, 397 ; .la])ane.se, .19< ; 
Levant, 397 ; Oak, 397 ; White, 
397. 

Gall-tannin, Us * in dyeing, 3;)3. 

Ganibier, 347, 4(10, 415; lUoek, 400; 
Cube, 400. 

Ganihine, 359 ; U, 321 ; Y, 321. 

Gamboge, 259. 

Gambogic aeid, 259. 

“ (iaranein,” 299. 

Gas, Analysis of natural, I2S ; of 
wood, 105. 

Gas and air, Exi)losiv<! mixture of. 79. 

Gas and coke, Inlluence oi composi- 
tion of gas coals on yield of, 66. 

Gas burner, Iiioamie.scence, 79. 

Gas burners. Typical, 7.S. 

efts burnt in dillerent burnejjs, 
Heating effect of, 80; llluntnatmg 
effectof,80. f 

Gas, C-'andle power of cannel, 81 ; ol 
coal, 76; carbon, 70; <*>als (.see 
Coalf^. Oux); coke, 92; Energy 
absorbed in production of water. 
81 ; enriching (see Enrichtiuj i/iw) 


Gas making. Air condenstjr for, 71 ; 
“('racking” of hydrocarbons in, 
70; I’lant for, 71. 

Gas, Manufacture of water, 81. 

Gas. Oil, 84 ; ('aiullo power of, 84 ; 
‘•Hydrocarbon’' from. 84; rinUch 
system for, 84 ; Yield of, per gal- 
lon of oil, 84. 

(Jas, Oil water. Composition of, 82 ; 
Solar oil for, 81. 

Gas prinlueer, 81 ; for retort furnace, 
()S. 

(tas pio<luction, Carbonising in 
retorts for, 67. 

‘ -as puriticatioiijM cldon mud for, 75. 

Gas puriliers, 73 ; Arrangement of, 7jf. 

(Jas retort, Uiiucnsions of, 67 ; 
furnace, 67. 

Gas retorts, Charging, 69; Drawing, 
69; Mechanical charging of, 69; 
lVrc<*ntage of coal nemled for 
firing, 67 ; Process of distillation 
in, 69. , . 

(ias, Statutory limit for ammonia in, 
in l.,on(lon, 85 ; supplied to Scotch 
towns. Composition of, 81. 

( !as wa.sher, 73. 

(las, Yiehl of, from gas coals, 69. 

I (JasoouH proilucls from coal, l‘mcrgy 
value of, 8*2. 

Gases, Absorption of, by rlmrcoal, 
102; in coal gas, non illumiiiant 
combust iblc, 78. 

Gasolene, 130; from shale distilla- 
tion, 113. 

nlthfria procumlK'W, 258. 

<;.iv-LuHsae lower, 8; Eunction of, 
U; Sulphuric aci<l for, 14. 
idatinc, Artifi<;ial .silk from, 278 
Blasting, 4.32 ; (diaracters of, 420 
Comjiosition of, 420 ; Dryinj^, 4‘20 
dynamite, 4.32 ; glue and si/.t', 4rJ, 
Manufacture ol, 420 ; rro]«;rties 
of, 392 ; Ultimali! confimHilion of, 
39' 


(i«-latiid.s#timi of starch, 202. 


Gemmation <(f yeast, 215. 

Gems, Artificial, 172. 

General manure. Definition of, 116 | 
* I ‘24. 

(icn^-ator gas, 81. 

Gentian, a liop substitute, 210. 
Jeriiian method of making white 
lca.t, 371. 


Gas i-iPi hone dislillatijjii, i.l5t. 

^ from coal. Yields of, r5 , from 
shale distillation, 113. ^ 

Gas, Generator, 81. t o§ 

t ixea i>p..,,verv of ■’uLohur (ierm of maize removed, 201. 

vklulion'oll • '-3?' 


*1 Gcftnan spirit. 231 
S^;| (ifrmieides, 4.50 
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Flavouring matters for, 230; Ply- Glucosan 196 
OOA . ^^0. I Glucose, Comr 


Glucose, Commercial, 196. 
Glucoses, 196. 

Gliurosides, ‘iaS. 


mouth, 230 ; Sweetened, 2.10. 

Ointrer-heer, Composition of, 2-4, 

Sr.W ' tricot .oU.ti„.,s on. roIrrSMeehaoicals^ength 

Si^r,\?iVAn:irnno1'oM;„n.fact^ of, .20; SiOc. 

n 1 ’ 170 . Colourinc 172 ; 1 Glutamine in beet juice, 1 79. 

Colrrot clrokcO. IG.-; ; wmbua- ! Gluten recovero.1 m eU. oh-raunufac- 

tiou tubing Reason i «Cj;;,'stareh sepa.a.e.l from, by 

character of, l/l , Crown ou v oaiS : starch scpara- 


ciiarauuci. ui, •••» , - 

Cut, 172; Devitrification of, 170; 
Electrical melting of, 169; etching, 
174 ; etching, Mydrotluoric acid 
for, 174, 439; Flashed, 172; Flint, 
172; Fluorescent, 173; for thermo- 
meters, 174; furnace, 167, 168 ; 

• gall, 166; Gnie.n, 173; “ Harden- 
ing,^’ 170 ; Higldy refractive, 174 ; 
Inhucnce of composition on index 
of refraction of, ITo ; Influence of 
composition on specilic gravity oi, 
175; liCad, 171 ; l^uad oxide for, 
1(55; Tuiine for, 165; Dwnits of 
composition of, 164; makers soap, 

• 165 ; Manufacture of, 168 ; Gpid, 

172, 174 ; Orange, 173 ; Oxide of 
iridium ])igincnt for, 174j^ 
uranium lugmcnt for, 173; Paint- 
ing on, 174; Plate, 170; Platinum 
pigment for, 174; P*’!* ’ 

“Potash,” 171; -pot, Lea<l. O-' » 
Properties of, 17.^); Quart/, 174 ; 
Raw materials for, 164; Red, 172 ; 
Ruby, 173 ; Selenium, 173 ; Siemens 
toughened, 170; Silica for, 164; 
“ Soda ” 171 ; Sotliuni sulphate for 
making, 20; Soluble, 155; Stannic 
chrematc pigment lor, 174 ; stilus, 
‘Concentration of vitriol m, 1/; 
Thallium, 174; 'roughened, 170; 
lTraniuni:’173; Use of oxygen in 
making, 169 ; vessels reiulcrcd re- 
sistant by steaniiiig,0 75 ; Violet, 
173 ; Water, 155 ; wool, 281 ; 
Yellow, 173. ^ ^ 

Glauber’s salt, 453 ; Use of, in dye- 
ing, 350. 

Gla/x^s, Coloured, 161 ; for earthen- 
ware, 162; Leadless, 163; for 
porcelain, 161 ; for stoneware, 162 
Glazing gunpowder, Graphite for, 

d^azing, Salt, 162. 

Oliove kid, 413. 


.■austic soda, 200 ; Starch separa- 
ted from, by fermentation, 200. 
(flycerides, 239. 

Dlycerin, 272 ; Boiling point of, 273 ; 
Concentration of, by freezing, 2/3 t 
Dialysis of, 273 ; produced during 
fermentation, 217 ; Recovery of, 

273 ; Recovery of, from soap lyes, 
266; Refining of, 273; Uses of, 

274 

(ilyceryl, 239 ; arachidate, 248 ; 
erucate, 248 ; bypogseate, 248 ; 
iso-linoleate, 250 ; laurato, 2o- ; 
linoleatc, 250 ; myristale. 255 ; 
oil ate, 239, 240, 242, 244, 248, 249, 
•>53 254 ; oleo-palmito-butyrate, 

•254; palmitate, 239, 240, 243, 248, 
252; pliysetoleate, 255; ricinole- 
atc, 251 ; salts, Oils not containing, 
244 ; stearate. 239, 244, 253 ; sul- 
pliuric acid, 271 ; trinitrate, 430. 
j Glycocoll, 445. 

Giddeii sulphide of antimony, 261. 
(rlold-lined stills for vitriol, 17. 
Goldschmidt’s process, 442. 
(Umypium, 249, 278. 

“(4raduation towers,” 26. 

Grain of leather, 391 ; Artificial, 
417. 

6rain, Fusel oil from, 233. 

Graining hides, 412. 

Grain->ac, 2.59. , -.no 

Grains, Analysis of distillers , 2-6. 
Gran ilia, 348. 

Granite, T56. 

Granulation of gunpowder, 426. 

' (irape, Brandy, 225 ; 'Juice, Analysis 
of, 221 ; juice, Fermentation of, 

- 222. ’ . V'' . ' 

Grapes, Changes in, during ripening, 
221 ; Malic acid in, '’'221 ; Tartaric 
acid in, '*221 ; Treatment of, for red 
w’ue. 221 ; 'freatnient of, for white 
wine, 221. 
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Orassea as textile fibres, ‘280. 

“ Graves,” 

Green pigments, .S7i). 

Green vitriol, 4.70. 

Greens eontaining copper, ^iSO. 

Grey acetate of lime, lO.'b 104. 

(irey sour, ‘2S.'). 

(4rist, -11. 

Gnmml nut oil, 24S. 

“Ground” paint, oS7. 

“ G;*oun<l ” widtr lea<l. 87Jb 
Guaiacol, 103. 

Guano, Nitrogenous, 1*25 ; riio.< 
phatic, 125. 

Guignet’s green, 3H0. 

Gum lnuvzoin, 259; Jlriti.sh, 203. 
Gum resins, 250, 258. 

Gums, 200. 

Gumming of rape oil, 248. 

Gun cotton, 4‘27 ; Detonation of, 4‘29; 
Equation for explosion ol, 42!1 ; 
Gas produced by explosioji of, 420 ; 
Manufacture of, 128 ; Koeonver- 


, Halogens, 458. 
j Haiullers, 411. 

I Handling hi<les. 405, 411. 

Hanlv dyein*. 350. 

! Hareourt’s standard lamp, 7t>. 

, Hard pitch, 02. 

I Hard uater, Objections lo, in 
i tanneries, 3t)5. 
i H.iigrcaves rdrd process, 58. 

! Hai grcave.'. cblonile prot-i'.-is, 4S. 

,, salt cake. pro<M‘ss, 28. 
lleatingctbci of gas burnt in dilloront 
bunior.s, 80. 

Heavy .spar, 457. 

“ Hrcklin- •’ llax, 279. 

Hcliantbin, 2!t3, 

! Ibdlhofiiic. 433. 

Hemlock bark, 400. 
i Hrinp, 280; bleaching, 2SH. 
i Hemp librc, *280: Analysis of, *280 1 
; 'I'en.'-ile strengt h "f, 280. 
j llenders(»n ret(*rt fur shale iiistilla* 
tion, 107, 108. 


siou of, into ctdlulos-', 429 ; Sidu- 
liiiity of, 429; Sp' eili<! gravity (»f, 
429; Tliermal etb'cl of, 429. 
Gunpowder, 424 ; Analysis of ebar- 
coal for, 425 ; A]»parent density of, 
427 ; Character of ('X plosion of. 
420 ; Cbarcoa' for, *25 ; “ ( 'ocoa,^ 
420 ; K((uation for exitlosion of, 
4*27 ; K.\plodit»g temperature of. 
427 ; Gas produced in explosion of, 
427; Granulation of, 42t) ; Gra 
phite for glazing, 4*20 ; .Mead, 4*20 ; 
Mining, 4*20 ; LVbble, 12<) ; I’n'Ks- 
cake, 4*20; rressuic pro<Iuced in 
explosion of, 427 ; l’rismati(!, 4*20; 
Rapidity of (;x]»losioii of, 4*27 ; 
smoke, 427 ; Smolo less. 427 ; 
Sulphur for, 4*25 ; I'liermal ellet’l 
of, 427. 

Guttapercha, 202. • 

(aPttmunn’s nitric acid cmidensm’, 
10 , 11 . t 

tluttraann’s, Webb and, process, 17. 
Gypsum, 142 ; as a loading material, 
*305; in I’ortkiud cemeft, 153; 
for vine drer^sing, ‘221. 

f 

H 


j Ib rmite process, *280. 

Hiniinanu's proce.ss, 340. 

Hcvecjug ‘2oO. 

I li'xametbylpararo.sanilinc, 309. 
Hexane, 1.30. 

llc\anitro<lipben \ kiiiune. 292. 

Hide substance, Dili mate, composi- 
t ion of, 3!) ; 

Hides, Absorption of tunnin by, 418 ; 
Analysis of, .’{(Kl ; and skin.s, 
(finality of, .393 ; Breaking, 405 ; 

I Butt of, 4u7 ; < dcansing ami soften* 

I ing, 404 ; Defects in, .394 ; defined, 
39.3 ; Dry -sal ted, 394 ; (Jrecn* 
s:alted,.39r; I landling,405; Liming, 
405 ; .Marki't, 404 ; Ollal of, 407 ; 
!5i< k of, 400 ; Rlumjicd, 405 ; 
“ Rlumping ” of, 39.3, 395 ; Round- 
ing, 407 ; S( ud(iing, 407 ; Sliavefi, 
H*2; Soaking. 404 ; Sweat ing, 407 ; 
'rrimming, 407 ; Unhafi’ing, 405 ; 
Wliitc ar.scnic for curing, 394. 
Hippuric j^;i'L 445. 

Hock, 2*23. ^ 

HtilTmann’s kiln, 147. 

: Hollamls, 230. 

iTlolly, Bird-lime from, 256. 

Hon^, 198 ; comb, 250 ; Factitious, 
I 197. 

rf'oofs and horns as manure, 123. 


H/EMATEtN, 344; Iso-, .345. 
Haematite , 384. • 

Haematoxylin, 34' 

Hcemaioxylon cnv/it.chianuJitt 344 . 
Hair, Structure/of, 273. 

Half blea?b, 287. ^ 


I nop sifbstitutes, 210. 

*H<nJ^ine in bop.«, 209. 

M “ Hop-backs,” 213. 

I Hop flour, ‘209 ; meal, 209. 

“ Hopper salt,” 2.5. 
i Hops, ‘^9 ; “ SulpliuririgSi’ *2^0. 
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HornB and hoofs as manure, 12.3. 
Horse-chestnuts, 202. 

Horse fat, 244. 

Hot press, Oil from, ‘245. 

“ Household” soaps, *207- 
HuUe (onmanfe, 301 
Hxmvlus Ixifmhis, ‘209. 

Hyaline layer, 391 . 

Hydrindigotin, 3.39, 342. 
“Hydrocarbon” from oil gas, 84. 
Hydrocarbons, “Cracking” of, in 
gas-making, 70. 

Hydrochloric acid, 29 ; from hydro- 
gen and chlorine, 63 ; Impurities 
in, 30 ; in chimney gases, ‘29 ; 
Manufacturing yield of, ‘29. 
Hydrocyanic acid, ‘2.58. 
Hydro-extractor, 178. 
Hydrofcrrocyanic acid, 377. 
Hydrotluoric acid, 439 ; as an anti- 
septic, 439 ; Bottles for, 439 ; for 
etching glass, 174, 439 ; Manufac- 
ture of, 439 ; Use of, in sugar 
refining, 4.39. „ . • 

Hydrogen peroxide, 457 ; bleaching 
by, -’83, ‘284, 

Hydrolysis, ‘2(14; of fats, 269 ; of fats 
imd oils, ‘240 ; of fats by steam, 
‘270 ; of fats by sulphuric acid, 
271 ; of waxes, *241. 

Hydrosulphile vat for dyeing with 
indigo. 343. 

Hydrosulphurous acid for sugar puri- 
fication. 183. 

Hydroxyoleic acid, ‘2.52. 
Hydroxyanthraquiiionc, ‘299. 
Hydroxyazo-dyestuffs, Formation of, 

295. 

Hydroxystoaric acid, 271. 
Hydroxytolunaphthazine, 318. 
Hygrpscopie character of wool, 2/6. 
*269. 

Hypochlorites, 61. 

Hypogieato, Glyceryl, 248. 


I 


Idrian process for making vermilion, 
,384. 

Ilicyl alcohol, ‘256. t> 

,, palmilate, ‘2.56. 
lllipe oil, ‘243. ^ | 

llluminants in coal gas, 78. 
lllun/nathig effect of gas burn, m 
ft different burners, oO. 

, oils, 248, 249, 251, ‘2.52, 

2.56. 

0 * power of coal g^s, 78. 


I Illuminating value of acetylene, 83. 
Immedial black, 338, 

Incandescence gas burner, /9. 

Indamine, 318. 

Indaniines, 322. 

Indian red, 384. 

,, yellow, 387. 

Indiarubber, ‘260. 
liulican. Hydrolysis of, 339. 

Indicator for alkalimetry, ‘293 
Indicators, 296, 312, 314, .321, 346, 
347. 

Indiglucin, 339. 

Indigo, 339 ; Artificial, 340. 
brown, 340. 
carmine, 344. 

Gauso of fastness of, 342. 
Composition of, 339. f 

Copperas vat for dyeing with, 
342. 

di.sulphonio acid. 344. 

Dyeing with, 342. 

Dyestufi similar to, 301. 
extract, 343. 

,, Purple, 344. 
gluten, 340. 

Hydrosulphite vat for dyeing 
with, .343. 

monosulphonic acid, 344. 
Printing with, .344. 

Reduced, 342. 

Reducing agents for, 340. 
Solvents for, 340. 
substitute, 301, 3‘23, 333. 
sul phonic acids, Preparation 
of, 343. 

Synthesis of, 340. 
vat. Dyeing with, 342. 
white, 340. 

Woad vat for dyeing with, 
342. 

„ Yield of, 340. 

{undiijoftim nrgenfea, 339. 

I ,, tinctoria, 339. ^ ' 

I Indigc^in, Properties of, 340 ; Syn- 
thesis of, 34 1 . 
i Indirubin, .340, .341. 

: Indophefnol, 323 ; Application of, 
356 ; Commercial, 323. 

Indophcnols, 322.- a 
Induiine, .307. 

' Imhiline B, 333. , 

„ 3 B, .33.3. 

,, ^ B, 333. o 

,, 'i^enzene, .331. 

Indulines, 331 ; Manufacture of, 
332 ; Soluble, 333. 

Ingrain colours, ‘296, ; Developere 

1 for, 354; Dyefng with, 354. 
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Ingrain dyeing, Advantage of, 2i(> ; ; 

Methods of, 29l). 1 

Ink, Printing, 251. ! 

Inks, Litliograpliie. 259 ; Ked, 314. 
Insecticide, Naplilluilono a.s an, 395. 
Inulin, 197. 

Invert sugar, 197 ; Luivulose sopar- j 

ated from, 197. : 

Invertasc, 204, 21(5. ! 

Iodine, 459 ; absorption, 241 ; Ap- 
})lication of, 314; Kxtraeiion of, 
from caliche, 459 ; number, 241 ; 
Uses of, 4(50. 

Iridium oxide, pigment for glass, 
174 ; for black glass, 174. 

Iron buff. 349. 

,, li([Uor, 104. 

,, ,, U.se of, in dyeing, 355. 

,, mordants. .352. 

,, pigments, 3S1. 

,, Pvrolignilc of, 105. 

,, lied oxide of, 3ti4. 

,, tanning, 414. 

,, L'.se of, in reducing nitrobcn- 
■/e;io, 304. 

Isatin, 340 ; yellow, 329. 
Uatinanilidc, 341. 
fhirtoria, 339. 

Isinglass, 421 ; for tbilng brer, 219. 
Iso-amyl cyanine, 3.35. 

Iso-butyl alcohol, 233. 
l.so-cholcsterol, 27(>. 

Iso-chromatic pliotograpbic plates, 
33(1. 

Iso-dulcitol, 346. 

Iso-liiematcin, 345. 

Iso-linoleatc, (Jlyceryl, 250. 
Iso-linolcnic acid, 239. 

.scrie.s of acids, 213. 
Isonmidrn 2(52. 

Iso-<.)lcic acid, 271. 2<2. 

Iso-]).Trallios us lulaic.ating oils. 111. 
Lsoprene, 260. ^ • 

tsu- propyl alcohol, 233. 

Iro purpurin, 3(K). 

Iso-quinoliao, 335. 

Iso ricinolcic acid, 2.30. 
Iso-roshululines, 332. 

Ivory black, 336. 


Janus dye.st*fT.s, 294. 

„ reii. 294. 
Japan black, ‘^7' 
wax,\243. 

Jelly, gtarch#20';l. 
Jet photometer, 'i7. 


•let sugar, 186. 

Johnson’s powder, 430. 

Junipoi , 230. 

Jute, 2S0 ; blaichi'ig, 2S7 ; dyeing, 
3(50 ; librt‘, 2S0 ; fibre, Analysis of, 
280 ; Staple of, 280. 


K 

Kai.mt, 124, 210, 452. 

Kalkstickstotl', 460. 

Kaolin, 15(5 ; as a loading material, 
3(55 ; Pusibility related to com- 
po.si(ion of, 1.57 ; ZoLtlit/., 156. 
Kauri, 2(50. 

“ Keg lard," 254. 

Kelp, 4.59. 

Keratin, 275. 

Keratins. ,391, 

Kennes, .349. 

Kern burner, 79. 

Keroseme, 131 ; Klashitiir [>oint of, 
132; Shah*, 10(5; Standard white, 
131 ; Water white, 131. 

Khaki. .319. 

Kid, 413. 

Kicr, 284. 

Kiers, 3(56. 

Kicsclgnlir, 431 ; Spc(afic heat of, 432. 
Kieserilc*, 152 ; Hlock, 453. 

• Kiln, (Uaus, 3S ; UoHmann's, 147 ; 
j 193; Ring, 147; Rolalory, 

I I-*'* 

i Kilns, ('cimmt, 14(5; Miiil/seh, 14(5; 

! for (‘arlhcnware, 1(53; Lime, 139; 
.Malt, 20(5 ; Rotatory cc.ment, 148; 
.Si.igo, 11(5. 

King's yi*llow, 3S2. 

Kips, Arsmiic, .394 ; (Icliiicid, .193 ; 
Ka.st India, 394. 

Knapp's theory of the coioui* of 
ult lamarine, 376. 

Knoppern, 397. 


L 

Laccainio acid, 349. 

Uae dye, 2.59, .349. 

La^, drain, 259; Seed, 2.)9 ; Shell, 
2.59 ; Stick, 259. 

Laeiimid, 321. 

* Lacifuers, 259. 
iJlli tate, Antimony, 444> 
tjactic acid, 444 ; Kthylidenu^ 

from whiskey *^ti 11s, 226 ; U3e(i%)I, 
409, 414 “ 

Lactip bacillus, 444. 
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Lactose, 195. 

Lsevopinene, 257- 

Lffivulose, 197 ; separated from invert 
sugar, 1 97 ; Sweetening power of, 
197. 

Lager beer, 216 ; Pilsener, 220. 

Lake, Colour, .351 ; Magenta, 387 ; 
“pitch,” 1M4. 

Lakes, Crimson, 348 ; Pigment, 
387* 

Lamp black, 386. 

“Land phospiiate,” 1 17- 

“Land pitch,” 131. 

Lanolin, '276 ; Emulsifying power of, 
276. 

Lanuginic acid, 290. 

Lapis latiuli, 376. 

Lard, 244, 253 ; Adulterations of, 
254; .as food, 254; “Bladder,” 
254; Cotton seed oil, an adulterant 
of, 2)4; Imitation, 249; “Keg,”' 
254 ; oil, 244, 254 ; oil group of 1 
oils, 244 ; Properties of, 254. 

Latches, 402. i 

Laurate, Clyceryl, 252. 

Laurel oil, 243. 

Laurie acid, 243. 

Lauth’s violet, .32.3. 

Leaches, 402 

Lead, Antimoniatc, 383 ; Brown 
sugar of, 105 ; C’aledonian white, 
374 ; Chlorosulphite of, 374. I 

Lead chromate, 38 1 ; Basic, 3s2 ; j 
basic, Dyeing with, 349; Dyeing 
with, 349. 

Lead for vitriol chambers, 7. 
fritts, 163. 

fume. Composition of, ,373. 
glass, 171. 
glass- pot, 172. 
oxide for gl>ss, 165. 
oxide, rreparation of, 383. 
pans, Concentration of vitriol 
in, U’. 
plaster, 67. 

Quality of, for vitriol pans, 16. 
Red, 383. ' 

soap, 267. 
suboxide, 373. 
sulphate, 382. 

sulphate, Manufacture of, ffom 
gal cut, 37.3. 
thiosulphate, 437. 

White, 370. •, 

Leadlerj? gKiJes, 163. ‘ 

Leatlfjr, 389 ; Adulterations of, 417”, 
(malysis of sole. 416 ; Artificial 
grain on, 417 ; Chamois, 415 ; 
Charagjter^ f good, 416 ; Colour of. 


391, 410 ; Curried. 412; Currying, 
417 ; Dongola, 414 ; Dressed, 412; 
Dressing, 412 ; Oils for, 253, 265, 
256; Drying, 416; Dyeing, 417; 
Enamelled, 418; Fixing tannin in, 
41S ; for dressing. Tanning of, 412; 
for dyeing, 412 ; for soles, Tanning 
of, 409; Crain of, 391; Heavy, 
394; .Tapauned, 418; Light, .394; 
Morocco, 41 2; Patent, 418; Russia, 
417 ; Scouring, 417 ; Shammy, 415; 
Striking I he colour of, 410 ; Stuffed, 
417 ; Wash, 415 : White, 413 ; 
VV'hitening, 417 ; Yield of, 417. 

Leathers, Content of tannin in, 
419. 

l..eblanc process, 24. 

,, soda ash, Apparent density, 
of, 52. 

Lrcamra tart'irruy .347. 

Lees, Spent, 227. 

Lemon, Oil of, 258 ; Salts of, 443 ; 
yellow, 382. 

Lepidines, 335. 

“ Letting down ” a pigments 3S2. 

Leucindigo, 342. 

Leuoo-com})oundH explained, 342. 

l.eucometliyleiie i)lne, 325. 

Levigated challv, 375. 

Levigation, 388. 

Ley-boil, 285. 

Lichen colouring matters, 347. 

Lignin, 280. 

Ligno-cellulose, 280. 

Ligroin, 130. 

Ifima-wood, 345. 

Lime, 140 ; Air-slaked, 141; Bird-, 
256 ; Bird-, from liolly, 2r)(i ; Blue 
lias, 143 ; -boil, 285 ; -bowk, 285 ; 
lin>wn acetate of, 103, 104 ; burn- 
ing. Principles of, 138 ; Dead 
burnt, 141 ; “Fat,” 1.38, 141 ; 

Flare,” 139; for glass, 165; Crey 
acetate of, 103, 104; Hydraulio, 
l^-r’3 ; (rkiln gases, Carbon dioxide 
in, 51 ; kilns, Typical, 138 ; Over- 
burnt, 141; pits, 406; “Poor,” 
138, 14 F", Purification of beet juice 
by, 181 ; purifier, Action of, on 

’ coal gas, 74; Sapovification by, 
270; Slaked, 141 ; Slaking of, 141 - 
SoLih'ili^V of, 141 ; sou^ ^285 
Sources^ of phosphate oi, 117 
specks, 405 ; Sugar rt'Jovered from 
.molassesi'hy, 1 88; used in coal 
instillation, 70. 

Lime^oae, 137 ; Analj^sis of, 1.37. 

Limestone, Analysis wf blue lias, 

'•143; of hydrainic, 137; of lime 
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from blue lias, 141^; of magnesian, M 

137 ; of Thoil, U:i. 

Limestone, liluo lias. 137: ( hoiuis M achinf.ry oil, 1.33. - 

try of burning iiydraulic, Hi ;; Mae tear process for alkali was !.o. ,39. 
Doloruitic, 137; for .ilkali maun- i Mae.tear’.s salt cake furmu e, ‘JS. 

i Madder, ‘293 ; bleach, *284. 
j Madeira, 22.3. 
i Magdala red, 320, 

i Magenta, .3(H), .355 ; Acid, .307, .357 ; 
I base, 307 ; Dyeing })ro|)erl ic^s of, 
i 307 ; lake, .38? ; rrej>aration of, 
I 300: Yield of, 307. 

Magnesia for hy<lrolysis, 270. 


faoturo, 20 ; 'I'lieil, 

Liming hides, 40.5. 

Limoneno, 2,)S. 

Li m;n - bleae h i n g , 280. 
l-inoloate, (ilyceryl, 250. 

Linoleic acid, 230. i 

,, s(u‘ies of acid.s, 243. i 

Linolenic acid, 230. ' 

,, scries of acids, 243. ' 

Linoleum, Oils used for. 2.')1. 

Linoxyn, 250. 

lAiiuni 270. 

Linseed oil, 213, 249 ; Adulteration 
- of boiled, 2, 71 ; Haltie, 250 ; cake 
as fodder, 250; ('alentla, 250; 
C-he.rnistry of drying of, 2.70; Ka^t 
Indian, 2.70; (lra(h‘s of, *250;; 
group of oils, 243 ; Oxi<lation of, i 
250; Preparation of boiled, *2,50 ; i 
Propertie.s of, 250 ; Propt rties of ' 
boiled, 2.70; Paw, 250. 

Lintner's standard of diastatie 
power, 208. 

Liipienrs, 2.33. 

Liquid oxygen for ex;.l(v..iv e >. 4.3.3. 
Lilliarge .as ;i drier, 2.70. 

Lithograj)hie inks, ‘i-)'.). 

Lithopone, 375. 

Litmus, .347. 

Lixiviation of black ash, .32. 

Loading materials for paiier, 3(15; 

for rubber, 201. 

Loaf sug.ir, 194. 

London deep-well w.iler, 210. 

,, gas, iStaiiitoiy limit for am- 
monia in, 85. 

Logwood, .344, 35.7; “Ageing” of. 
.it4 ; Colours yielded by, witj 
alifterent mordants, 345. 

“"Low wines,” 22(5. B 

Lubricants, Mineral, renderld vis- 
COUS) 2.7] ; Tlosin grea.-'e ter, 2;)9. 
Lubricating oils, 248, 249, iJ5I, ‘253, 
2.75 ; from Russian petroleum, 1 .33 ; 
Iso-paratiins in, 3 11, 

Lucifer matei)#s, 4,30 
Lunge's bleaci;ing process, 2S(k 

Lupu'acilcid 209. • * 

Lupulin, 209. 

Jjupulu/i it >' !‘i iriiH, j 

Luteolin, ,34(>, '4 
Lyddite. 433. * 

Lye, .Spent, from soai^ works, 266. 
Lysol, » 


in Portland eement, 153. 

,, iSiii<*ate t)f, 281. 

Magnesian limestone. Analysis of, 

1.37. 

Magnesium bisulphite, (5; for making 
wood pulp, .308, 

,, chloride, Lleet roly. sis of, 

• 280 . 

,, hyi>oehlorite, *280. 

,, manga nitc, 44, 

,, silie.iie,, as a loading 

material, 305. 

Magnetic. sep.ir..tor, 211. 

Main, Poul, 7! ; Hydraidie, 71. 

Mai/.e, germ <*ako as foddei', 249. 

,, ,, of, rernove<l. 201. 

.Mai/.e, oil, 243, 240; I’roperlii's of, 
249 ; Vi«dd of, 249. 

M.ii/.e, .Spirit from, 2.31 ; starch, 201 ; 
Starch extrae.Oal from, 201. 

Malachite green, 381. 

Malic aeid in gr.i{)e.s, 221. 

Mall, ’2(>5; a<lj(nicts, 209; Analysis 
of, ‘207; Coke h)r dryiiqj, 2tK5 ; 
Diastatie power of, 208 ; Drying, 
for whiskey, 225; (Jr**en, 200; 
(5rindij)g, 211; lligh-tlried, 206 ; 
kilns, ‘20(5; .Masliing, for whiskey, 
•220 ; .Medium, 200 ; Roast)!) 'iof 
mealiness of, ‘208; Slack, 207; 
Scre.ening, 207; screep, “Water- 
fall,” 207 ; vinegar, 237 ; V'inegar 
from, 230; vitjogar, White, 2.38. 

.Malted ^)iuivy, ‘‘Mealiness” of, 
205. 

Malting, 205; 

» (character of 
Chemistry of, 
suflimer, ‘200 ; 

Sal'ulin .S3cstein of, ‘206. 

Malto-dextriii, 212. 

May-oso, 195, ‘2 1 ‘2. ■* ^ 

M,i»nganaUiH, 448. % 

Manganese, “Available oxygen” Sk 
40; borate as a drier, 2.7(J; browif, 

• Dyeing with, 349; f^oxide £oi^ 


liarley for, 207; 
barley for, ‘205 ; 
207 diflinult in 
Pneumatic, 206; 
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purifying spirit, 232; dioxide in 
soap, 266. I 

“.Manganese,” Valuation of, 40; 

Weldon recovery process for, 42. 
Mangunile, Calcium, 42; Magne- j 
sium, 44 ; Manganous, 42. ! 

Manganous borate, 250. ! 

,, inanganite, 42, | 

Manioc, 202. | 

Mamies, Wclsbach, 79. i 

Manure, .Xinmonium sulphate as, ; 
122; sugar sludge as a, 183;' 
liomrs for, 121 ; Definition of, 1 16 ; 
Dried blood as, 123; Drier for,, 
119: Kaniiyard, 124; from calcium j 
carbide, 460; (Icneral definition I 
of, 116, 124 ; Horns and hoofs as, i 
123; Kiipe cake a.s, 126, 248 ; salts,; 
S’) ; Sewage as, 12.-) ; Shoddy as, i 
123; Sodium nitrate as, 122; soot' 
as, 122; Water from starch fac- 
tory a.s, 200; Wood ashes as, 124. , 
Miinures, •'<lrass,”llS; Nitrogenous. 
122; Organic nitrogenous, 123; 
I’liosplialic, 116; Potash, 124; 
IJate <tf assimilation of phosphatic, j 
121 ; Special, 116. | 

MapU> sugar, 191. i 

MuntitUt (traudinacea,'2(y‘l. I 

Marble. i:<7, i 

Mare, 221 ; Fusel oil from brandy, 
2.32; Olive, 247. ' 

.Margarine, 254. 

Marine animal oil, 254. 

,, ,, oils, 244. 

,, ., ,, Winning of, 240. . 

.. soaf>, 266. 

Market bleach, 284. 

Mari', Clay. 1.57. 

Martins yellow, 292. 

.Maslu'i', Steel’s, 21 1. 

M* shittg, 211 ; and boiling, Influence 
of water on, in brewing, 214-,: 
Ciieini'^try of, 211; Influence of 
temperature on, 212; malt for. 
wlii.skev, 225. ! 

Ma.sb Hill, 211. » * 

Ma.s.seiuiite, 186, 194. | 

Ma.ssicot, 383. 

Mast ie asphalt, 136. 

Matches. 434, 436; Common, 436; 


Mauve, 320. 

Mauveine, 320. 

Mechanical charging of gas retorts, 
69. 

“ Mechanicals,” 262. 

Meilers, Charcoal burning in, 98. 
Melanin, .387. 

Meldola’.s blue, 326, 355. 

Melinite, 433. 

Melissic acid, 256. 

Menhaden as manure, 126. 

,, oil, 244, 256. 

Mercerising, 286. 

Mercuric fulminate. 433. 

,, iodide, 384. 

,, sulphide, 383. 

Mercurous chromate, 380. 

Mercury for electrolytic processes, 59. 
“Metal.” 169. * 

Metalopsi.s. 314. 

Metapheuylenediamine, Formula for, 
29.3. 

Metaphosphoric acid, 435, 442. 
Metatoluylenediamine, 318. 

Methyl alcohol, 193. 

,, chloride, 455. 

„ orange, 293. 

„ pyridine, 115. 

,, quinonedi-imide inethochlor- 
ide, .325. 

., salicylate, 258, 446. 

,, violet, 308, 355. 

Methylated spirit, 234. 

Methylation of aniline dyestuffs, 308. 
Methylene blue, 324. 

,, violet, 326. 
Methylpararosaniliiies, 308. 

Mica, 1.56. 

.Milk, Cream .separated from, 254. 

[ Milk sugar, 195 fsce Swjar, Milk). 
Mill-cake gunpowder, 426. 

' Milner’s process for making white 
lead, 372. 

Mimosa, 400. ^ 

I Minium, .383. 

I Minor Chemical manufactures, 439. 

; .Mochyl alcohol, 256. 

I ., palmitato, 256. 

1 MoSllon, 415. 

! Molas.ses, 178 ; Analysis of, 178 ; 

I Beet, 187 (see also 'iiee.t violaases ) ; 


('oinpositiou for, 437 ; Extinction 
of glow of, 437 ; Head composition 
for safety, 4.37 ; Eucifer,, 437 ; 
Hu W 10 r<y composition for safyty, 
43rr. •"'afety, 437 ; Waterproofed, 
^Y.b37 ; without phosphorus, 437. 

A.ather and Platt pro, ess, 285. 

Maturing of^^ whiskey. 227. 


Fonaentation of, 230 ; Minor uses 
of^‘ 191 ; Sciiei bier’s pr^cits for 
recovery of sugar from, 189 ; 
^ Spirit fipm, 230. 
classes, Sugar recovered from, by 
di/ect removal of potash, 191 ; by 
elution, 188 by Jime, 188 ; by 
. osmosis, 187 ; by Steffen’^wocess. 
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ISO; by 8 trout ia, 189; by Wohl't} 
process. 101. 

M(*nazo-coni pounds defined, 295. 
>l<‘nd’.s chlorine recovery process, 55. 
Moiiocalcium .saccharate, 189. 

“ MoiKjhydrate ■’ sidphiiric acid, 18. 
Monosaccharatc, t’alciuin, ISI. 
Monostrontium saccharate, 190. 
Mordant, Aluminium sulphocyan- 
idc as a. 3li2 ; azo <lycst nil's, .\p- 
plication of, 35S ; Chromium 
act-tale as a, 302 ; C'hromium 
tluoride as a, 3o9 ; colours, Ityeiu}^ 
silk M'ilh, 3l)0 ; colours, l>yciiie 
wool witli, 35s ; definetl. "2S9 ; 
tlyes, 351 ; tlycs, K.xarnples of, 
355 ; (lyestufTs, AzAt-colours con- 
verted into. 35S ; Oxidising, 352; 
^ Non-oxidi.sing, 352. 

Mordanting by chlorination, 283. 
Mordants, Acid, 352 : .-Vluminium, 
351 ; Jiasit-, 351 ; Chromium, 352; 
(General Ciinsidcralion of, 351 ; 
Iron, 352; Saddening, 351 ; Tin, 
35 J. 

Morin, 340. 

Morocco leather, 412. 

Morpliinc in hops, 209 
Mortar, 141. I 

fiaeforia, 345. ! 

Moselle, 223. I 

Mother of vinegar, 235. i 

Motor cars. Methylated spirit for, ' 
235. I 

Moulds, 204; in yeast, 218. 

Mucedin, 20 T. 

“Multiple eirect,” cvaporator.s, 184, j 
307. I 

Muriate ot potash, 424. 

Muriatic acitl, 30, 

Mu.scarin, 327- 

Mu.st , 221 ; P'ermcnlion of, 222. 
Mustard oil, 242. 

My coderma aedi, 235. 

M^^icyl alcohol, 241. 

,, cerotate, 245. ^ 

palrnilate, 241, 245, 250, 
Myristatc, Clyceryl, 255. I 

Myrobalaiis, 399. 

Myrtle wax, 243. 


Woo<l, 104 ; Wood, for denaturing 
alcohol, 234. 

Naphthalene, 90; as an insecticide, 
395 ; blue, 320 ; Boiling point of, 
IM) ; Distillation of, 90 ; Knriching 
gas l>y, 82 : Irom Bussian petro- 
leum. 133; Melting point of, 90 ; 
red, .32(i ; Specific gravity of, IH) ; 
.sulphonic aci<l, *lOS ; Uses of, 91 ; 
Vi«4d of, from tar, ik). 

Naphthazarine, 298. 

Naphthenes in Russian petroleum, 
133. 

Napht hindonhenol, 323. 

Napht hiniluliiu's, 3.32. 

Na pi 1 1 hoi black, 290 ; blue, 323 | 
gn en, 322 ; yellow, 292, 3')7. 

Naplitbols, Dyeslufls from, 294. 

Na|»btb«n|uinone, Idirmula for, 298. 

Naplil bo<|uinoMeoxin)C‘, 302. 

Napbtlio«|um<)neoxiint*s. .321. 

Naplithylamim*, a-, .317. 

N.iplitbyl blm-. 320; violet. .320. 

N.iples yellow. 3S.3. 

Natural gas. .Analysis of, 128. 

Niaitsfool oil. 2i4, 253. 

Neftlgil. 134. 

New’lands, se»r Duncan. 

Night bliu*, 309 

Nightlighls. Coco -nut oil, 2fi8| 
“ Stisu'in,” 208. 

Nigraniline, .331. 

Nigrosines, .3.33. 

N ile Itlue, 327. 

‘ Ninety per (•ent." benzol, 88. 

.Nitrate of iron, Use of, in dyeing, 
352. 

,, Potassium, from the osmose 
process, 188. 

,, Sodium, as manuro, 122; in 
(doNtr toxver, 15; com- 
iiM-rt-ial, AualysiH of, 121; 
crude, Analysis of, 122; 
crude, Purification of, 
122 , • 

Nitrated anmiatic hytlrocarlions for 
0 .smokeless jiowdcrs, 427. 
,, f-ellulose varnishes, 21)3. 

,, sug.ir .starch, 430. 

,, wood, 430. 

Nitration of licnzcne, 303. 


,0 1‘rocesH of, 292. 

N Nitre, 424 ; -cake, 7 ; Cau.ses of loss 

I of, in vitriol making, 14; pot, fi; 
Nankin vellow^49. _ Puriftcation of, 424 ; RMunititv of, 

Naphtha]! Crude, from cval^a", 87 usM in vitriol making, 1* 
from petroleum, 130; “ C -a Nift-ic acid, Commercial gra(...^ 
110; Mineral, for denaturing alco- 1 12; Condensation of, 10; conden 

hoi, 234^ Solvent shale, 110;! .fior, Guttmann’s, 10; for chlorim 
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making, 45 ; Impurities in, 12 ; 
in vitriol making, 15; manufacture, 
9; still, 11 ; Uebel’s process of, 11. 

Nitrification, Process of, 12.3. 

Nitrifying organism, 123. 

Nitrite, Potassium and cobalt, .383. 

Nitro-alizarin, 301. 

Nitrobenzene as an oxidant, .307. 

,, Manufacture of, ,303; 

Properties of, .303 ; 

Uses of, 303. 

Nitro-colouring matters, Application 
of, 3.')7. 

,, -compounds (dyestuffs), 292. 

,, explosives, 427. 

Nitrogen. Assimilation of, from air, 
124 ; Distribution of, in coal dis- 
tillation, 70; in bones, 121 ; in 
coal for alkali manufacture, 27 ; in 
shale products, Distribution of, 
113. 

Nitrogenous guano, 125. 

,, manures, 122. 

,, organic manures, 123. 

Nitro-glycorin, 430; Absorbents for,- 
4.31. 

Nitro7no7ms, 123. 

Nitronaphthalene for deblooming 
oils, 91. 

Nitrophenyllactomethyl ketone, 341 
' Nitroso-dimethylaniline as an oxi- 
dant. .327. 

Nitrosyl sulphuric acid, 13. 

Nitro-lartaric acid, .329. 

“Nitrous acid.” 10; Use of, in 
making dyestuffs, 293. 

Nitrous vitriol, 15. 

Non-drying oils, 240, 242. 

Noii-illutnitiatit eombustihle gases in 
coal gas, 78. 

Non-tannins, 396; in tanatuft's, Char- 
^ictor of, 397. 

Nordhausen sulphuric acid, 22. 

Nut oils, 248. 


0 . ' 

Oak bark, 399. 

„ galls, ,397. 

,, reds, 399. 

Ochre, Analysis of Oxford, 385.* 
Ochres, 385. 

(Enanthic ether, 223. 

Ohio oils^Purification of, 13l! 

Oi(^m, 221. „ 

«il, Blue, 111; Cold drawn, 24.5 ; 
Constituents of crude seed, 245 ; 
4 Crude, ^from shale, 110; Crudq> 


from shale redistillation, 110; 
Cylinder, 133 ; extractor, 246 ; 
for oil- water gas, 81 ; from cold 
press, 245 ; from feet of cattle, 253 ; 
from hot press, 245 ; gas, 84 (see 
Gan, Oil); “Green,” 111; Cight, 
from coal tar, 87 ; Machinery, 133; 
Mineral, 127 ; from petroleum, 131 ; 
Ued, 270; resins for varnishes, 
262; Bock, 127; soluble in alco- 
hol, 251 ; Spindle, 133 ; used for 
linoleum, 251 ; “ Virgin,” 247. 

Oil, refining, Animal charcoal used 
in, 245 ; Oxidants used in, 245 ; 
Permanganate used in, 245 ; Sul- 
phonic acids formed in, 245 ; Sul- 
phuric nci<l used for, 245. 

Oil-water gas, Composition of, 82. 

,, Solar oil for, 81. • 

Oils and fats, Classification of, 242 ; 
Hydrolysi.s of, 240 ; Preparation 
of, 242 ; Properties of, 242 ; Pro- 
perties and uses of, 247 ; used in 
soap making, 264. 

Oiks, Blown, 250; Buttery, 252; con- 
taining otlier than glyceryl salts, 
243 ; containing saturated fatty 
acids, 241 ; containing unsaturated 
fatty acids, 240; Deblooming 
mineral, 132 ; defined, 239 ; Dry- 
ing. 243; Drying, defined, 240; 
equivalents, j\Ieau of, ascertained, 
241 ; Essential, 257 ; Extraction 
of, by v«)latile .solvents, 246 ; for 
leather dressing, 253, 255, 256; for 
food, 248, 249, 251 ; Groups of, 
242; Identification of, 241 ; Illu- 
minating, 248, 249, 251, 253 ; 
Lubricating, 248, 249, 251, 25.3, 
255 ; Lubricating, from Russian 
petjoleum, 133 ; lubricating, Iso- 
paralliu.s as, 112; Marino animal, 
244 ; Non-drying, 240, 242 ; of 

* cotton .seed oil group, 242; of high 
„viscosity, 243; of linseed oil group, 
24:10^ of olive oil group. 2-*2 ; of 
rape oil group, 242 ; of the castor 
oil gr^iup, 243 ; of the coco-nut oil 
group, 243 ; of the cruciferaa, 242 ; 
of the lard oiljgroup, 244 ; of the 
palm oil group, 24.‘b; of the sperm 
oil „group, 244 ; of the tallow 
gvOupj«244 ; of the Whale|pi4group, 
244 ; Oxidation of drying, 240 ; 
Red, 964 ; resins^and varnishes, 

V 2.39, e* seq. ; Semi-drying, 249 ; 
Stvlid. 244; Tanning with, 415; 
used as tanstuffs, 404 ; used in 
currying, 4176 Vilaoaitji^mparted 
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to, 251 ; which become rancid, 24‘2, 
252; Winning and retining of, 245; 
Winning of essential, 257. 

Okonite, 134. 

Olm Europim, 247. 

Oleate, Dodecatyl, 255 ; Glyceryl, 
241, 242, 244, 248, 249, 252, 253, 
255 ; Sodium, 241. 

Oleic acid, 239 ; converted into 
palmitic acid, 272 ; Distilled, 271 : 
Solid fatty acids made from, 272. 
Oleic series. Acids of the, 242, 244. 
Olein, 239, 270. 

Oleo-resins, 250, 258. 

Oleum, 23. 

Olive kernel oil, 247. 

,, marc, 247. 

Olive oil, 247 ; gi’owp. Oils of, 242. 
#liv e press-cake, 247. 

Olives, 247. 

Omentum of pig, Fat from, 253. 

0. V . , 234. 

Open test, Flashing point, 131. 

“Open wood.s” (dyewoods), 345. 
Orange red, 383. 

Orcein, 347. 

Orcellic acid, 347. 

Orcellinic acid, 347. 

Orchella weed, .347. 

Orchil weed, 347. 

Orcin, 347. 

Orcinol, 347. 

Organised ferments, 204. 

Organism, Denitrifying, 123; Nitri- 
fying, 123. 

OrionUtion of anthracene, 2!)9. 
Orleans proce.ss for making vinegar, 
235. 

Orpimcnt, 382; Colouring shellac 
with, 259. 

Orris root, 230. 

Orr’s zinc white, 375. 
Orthoamidoazotoluene, 317. 
Orthochromatic photographic platesj 
.fl4. ^ 

Orthoclase, 156. I 

Orthonitrobenzoic aldehyde. Formula 
for, 336. 

Orthophenylcnediaraine, 317.'* 
Orthotoluylenediamine, 317. 

Oryza mtiva, 2(?0. * 

Osazones, .329. ^ 

Osmosfjifxocess, 187 ; Apparatus itor, 
188 ; Fotassium nitrat*^ from ^he, 
188. • . 

Osmosis, bugar recoverttd trom< 
molasses by, ISi 
Osseine, Analy.sis of, 115. 

Over-burj|t lime^ 14 J» 


Over-proof, 234. 

Oxalate, Potassium antimony, 441 ; 
use in dyeing, 1^3. 

Oxalates, Acid, of potassium, 443. 

Oxalic acid, 442; os a .solvent for 
Prus.sian blue, 378 ; Use of, in 
dyeing, 3.52. 

Oxazino dye.stuffs, 326. 

Oxazones. 328. 

Oxford ochre, Analysis of, 385. 

Oxidant, Arsenic acid as an, .306; 
Ferric chloride a.s an, 324 ; l\irri- 
cyanidcR as an, 363 ; Nitrobenzene 
as an, 307 ; Nitroso dimethylani- 
lino as an, 326. 

Oxidants used in oil retining, 245. 

Oxidation, Hlcaobing by, 283 ; Fusel 
oil removed from spirit by, 232 ; 
of alcohol, 235 ; of linseed oil, 
250 ; Spongy platinum inducing, 
235. 

Oxide, Ferric, jmritier for coal gas, 
73; Spent, 74 ; Sul[>liur in spent, 
74; “vessel,” 74. 

Oxycellulose, 291. 

Oxychloride* of copper, 380. 

Oxygen, 458. 

„ carriers, 131, 307, 308, 330. 
,, for making blown oils, 251. 
,, liiijuid, fur (explosives, 433. 
,, Use of, in glass making, 169. 

“Oxygon, Available.” in manganese, 
40. 

Ozokerite, 1.33; candh^H, 269. 

Ozone for purifying spirit, 232. 

,, sugar, 184. 


P 

Pack of hides, 406. 

Paint delined, 369. 

,, “ < Jround,” .387. 

,, “Mixed,” .387. 

Paints, 387 ; and pigmants, 369 ; 
Vchiclc.s for, 387. 

Palmitat(^Cetyl, 245, 255 ; Glvceryl, 
244,248,2^2; llicy 1,256; Mfjchyl, 
255; Myricyl, 241, 255. 

Palmitic acid, 2.39, 243 ; Manufac- 
'' turc! of, 269 ; Oleic acid converted 
into, 272. 

PalmUin, 239. 

Pain) kernel oil, 2.52. 

,, iiut oil, 243. 

, „ 0 oil, 243, 252. 

• oil grouj), Oils of the, 24i. - 
,, oil. Properties of, 252. 

,, pith, 202, 
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Palm sugar, 191. 

Pan process of saponification, 269. 
Panclastite, 433. 

Pauderraite, 440. 

Paper and pasteboard, 365. 

Paper, Cellulose for making, 365 ; 
Loading materials for, 365 ; Manu- 
facture of, from rags, 365. 

Para - amidophenylamido - acridine, 
336. 

Para - amidophenylmethylquinoline, 
334. 

Para rubber, 260. 

“ Parachutes,” 219. 

Paraffin candles, 269. 

„ oil, 111. 

,, oil from petroleum, 131. 

,, scale, 111. 

Paraffin wax. 111; Decolorising, 461 ; 
from petroleum, 131 ; in Kussian 
petroleum, 133 ; Melting point of, 
112 . 

Paraleucaniline, Formula for, 302. 
Paranitraniline, Scarlet from, 356. 
Paraphenyleno diamine, 318. 
Pararosaniline base, Preparation of, 
305. 

,, Formula for, 303. 

,, methylated, 309. 

Paratoluidine, Condensation with 
8\ilphur, 296. 

Parchment, 415. 

Parian porcelain, 162. 

Paris red, 383. 

Parnell and Simpson process for 
alkali waste, 38. 

Pars papillaris, 391. 

,, reticularis, 391. 

Pasteboard and paper, 365. 

Paste brilliants, 172. 

Paste, Manufacture of porcelain, 
^ ISy ; Starch, 202. 

Patent blues, 357. 

Pathological tannins, 398. 

Peach wocd, 345. 

Pea-nut oil, 248. 

Pearl ash, 455. ^ t 

,, hardening as a loading mate- 
rial, 366. 

Peat, Destructive distillation of, 97. 
Pebble gunpowder, 426. 

Pectic acid, 279. 

Pectin, 279. 

Pectose, 279. 

Pentahydroxyanthraquinonej 301. 
Pep^ikaidecatyl alcohol, 244. ' 
Pc.jtane, 130; for photometer, 7b. 
(Pentoses, 207. 

Peonine,‘31l, , 


Percarbonates, 456. 

Perchlorate in caliche, 122. 

,, in Chili saltpetre, 459. 

,, Potassium, in saltpetre, 

425. 

Perfumes, 258. 

Permanganate, Potassium, 449 ; 
Bleaching by, 287 ; Sodium, 449 ; 
used in oil refining, 245. 

Permanganates, 448. 

Peroxide of hydrogen, Bleaching by, 
283, 284; sodium, Bleaching by, 
283. 

Peroxides, 456. 

Perry, 224 ; vinegar, 237. 

Perseo, 347. 

Persian berries, 346. 

Persulphates, ^6. 

Peru balsam, 259. t. 

Petrol, 130. 

Petroleum, 127 ; Anthracene from 
Russian, 133 ; benzine from, 130 ; 
benzole from Russian, 134 ; 
“Cracking,” 129; distillation, 
Coke from, 132 ; Distribution 
of, 127 ; ether, 130 ; Lubricating 
oils from Russian, 1.33 ; Naphtha 
from, 130 ; Naphthalene from 
Ru8.sian, 134 ; Naphthenes in 
134 ; Origin of, 127 ; Paraffin 
oil from, 132 ; Paraffin wax from, 
132 ; Paraffin wax in Russian, 
1.33 ; Pitch from Russian, 134 ; 
“ reduced oil,” 1.30 ; Refining 
burning oil from, 131 ; Refining of, 
129 ; Russian and American, com- 
pared, 129, 134; Solidification of, 
134; Transmission of, 129; Vaseline 
from Russian, 1.33 ; Wiiuiing of, 
128 ; Yellow wax from, 132. 

Petrolic acids, 134. 

Phenanthraquinone, 330 ; red, .330. 

Phenazino, 316, 317. 

I Phenol, 89, 90 ; blue, 323 ; Salicylw 
acid prepared from, 446. 

Pheiy>lazobenzene sulphonic acid, 
Formula for, 294. 

Phenoldisazobenzene, Formula for, 
294.' 

Phenolphthalein, 312, 

Phenosafranine,‘711St. 

Phen^lene blue, 322. 

Pbonylhydrazine, 329. ^ 

Phenylrosinduline, 3.34. 

Phlobapjienes, 399. *> 

, Phcenix^ tylvtslris, 191. 

Ph|}Bphate, Chromium, 380 ; “ Dical- 
cium,” 119; “Land,” 117; of lime, 
Sources of,'^l?7 ; <sf sod%» Applica- 



INDEX. 


499 


tion of, in calico j>riniinjf, ; Pigments, TUack, 386. 


of soda, Application of, in dy 
3ny ; of sotla, Rliondno, 441* ; pre- 
cipitated, llil; precipitut<-d, Use 
of alkali waste in manufacture of, 
119; Kedonda, 117; Keverted, 
119; River, 117; Soluble, 117, 
118, 119. 

Phosphates, Analysis of native, 118. 

Plmsplmtic guano. 12r). 

,, gypsum, Analysis of. 435. 

,, niamires, 116. 

., ,, Rate of assimila- 

tion of, 121. 

Phosphine, .‘106, 337. 

Phosphor bronze sieves, 199. 

Phosphoric; acid, 442; (ilacial, 442; 
Manufacture of, 434. 

^ftifcsphoriU;, 117. 

J’}iosj)horus, Distillation of, 435 ; 
Electric furnace for, 436; Manu- 
facture <d, 434 ; Matches without, 
437 ; Properties of yelloA', 434 ; 
Headman and Parker's process for 
making. 430 : Red, 430 ; Relining, 
435; Scarlet, 4,3M ; Yield of, 435. 

Photograjjhie (levelope.i . 39s, 


Hlue, 37. 

„ Body of, .309. 

,, Uvdour of mixed. 309. 

„ Onering pow<M‘ of, 3C9. 

,, defined. 309. 

,, 1)y»-s(idl‘s distinguished 
from, ‘2S9. 

,, tlreen. 379. 

,, Iron, 3S4. 

,, Mineral, 370. 

,, ( Irganic, 3S6. 

„ Red, 383. 

,, Theory of e<tlour, 3f')9. 

,, White, .■17D. 

,, .. containing lead, 373. 

,, Yellow. ,382. 

Pil.seiHT lager beer, ‘220. 

Pintseh sy.stem for oil gas, .S4. 

I’iteh, Uoal tar. 92 ; Uoni]M>sition of, 
92; epuiv, ( N)mpt*sitioji of, 1.35* 
from Rnssiiin petrohnnn, 134; 
I “Hard,” 92 ; “Lake,' 135; 
i “ Land,” 1.35 ; “Soft, " 92; Soften- 
! ing point of, 9‘2 ; Stearin, ‘271. 

; “ Pitching’’ wort, 215. 

! Pith, Palm, 202. 


plat<;s, Drlliochnitna- j Pl.ister, I.ead, 207. 


tic, 314, 

Photometer, 7*1. 

Photometry, 77. 

Phthalein dyi'stiills, .311. 

Phthalic aeid, 91. 

Pijthalic anhy<lride, Preparation 
312. 

Phthalophcnone, 312. 

Phylloxera, 221. 

f’liyudf.r macrocephahtH, ‘255. i 

Phy.sctoleate, Ulycervl, 255; dode- j 
caty 1,255. " \ ’ 

Physical theory of dyeing, 290. 
1‘hysiological taTiniris, 398. 
Phytoslerol, ‘244. 

Pi(^dino, 115. 

Piex’ic acid a.s an ex})losive, 433. 

,, Melting point of, 

„ Preparation and proper- 
ties of, 29‘2. , 

Pigment lakes, .‘187. 

,, Iridium oxi^’e for glass, 174 

, , “ T^ettijig down ” a, 382, 

,, Platinum, for glass, 174. 

,, #F>ianiiic chromate, 

,, f\lo m calico i^inting, 

302. 


, Uranium oxide, 
174. 

Pigments^ind plint8,*369. 


plaster of Paris, 142; Effect of, on 
fermentation of wine, 2*23 ; Settijig 
^ of, 14‘2. 

: Plastered wines, *224. 

I Pl/isticity relat«‘d to comiMjsitioii of 
if, ^ ( lays, L')7. 

' Plat(“ column, 8. 

Platiinim, ('orrosion (jf, by vit riol, 17; 

jdgment for glass, 174 ; Spongy, 
i HKlucing oxidation, ‘23.); stills, 
(s)n(.;ent ration of vitriol in, 17. 
Ploughing’’ barli'Y during malting, 
‘ 200 . 

Plumped hid<'8, 405. 

Plumping hi<le8, ,39.‘l, 395. 

♦ I’lurnule, 200. 

Pneumatic malting, ‘2fKb 
Poisoning bv white lead, 

' (.f, 373.^“«r. 

' “ Poisoning th'- pan,” ‘25. 

' Polarimctcr, ‘213. 

I i;<dy halite, 4.')3. 

; Polyprene, 2tl(). 

Polyrtifrisation in Ixnling linseed oil, 
‘ 200 . 

Polyricinoleic acid, ‘2.72. 

“ Pojy.4iilphate,” 11. 

*1*08 ceau R, 294. 


Provetition 


Poppy-seed oil, ‘243. 

I Porcelain, 1.79; Berlin. 160; Biscuit 
’ ’62 ; clay, 167 ; Colouring, 161 
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English soft, 161; frit, 161 ; Glazed, 

160 ; Glazes for, 160 ; Hard, 159; 
Parian, 162 ; paste, Manufacture 
of, 159; Reaumur’s, 171 ; Sevres, 

161 ; Soft, IGl. 

Port, ^3. 

Portland cement, 145 ; Anal 3 ’^ 8 i 8 of 
clay for, 150 ; Analysis of materials 
for, 1^ ; Hardening of, 151 ; 
Materials for semi-dry process of, 
146 ; Materials for wet process of 
mixing, 146 ; Setting of, 150. 
Pot-ale, 226. 

Pot, Nitre, 6 ; still, 226. 

Potash, Caustic, 454 ; from beet 
sugar residues, 455 ; from suint. 
455 ; from wood ashes, 455 ; from 
yolk, 455 ; glass, 171 ; Manufac- 
ture of carbonate of, 454 ; manures, 
124 ; Red prussiate, 462 ; salts, 
462 ; soap, 364 ; Sugar recovered 
from molasses by direct removal 
of, 191 ; Yellow prussiate of, 461. 
Potashes, 464, 

Potassium aluminium sulphate, 451. 

,, antimony oxalate. Use of, 

in dyeing, 353. 

,, bichromate, 448, 

,, bromide, 459. 

, , carbonate, 454, 

,, chlorate. Manufacture of, 

47. 

,, ,, Heparation of, 

by cooling, 47. ! 
,, chloride. Winning of, 4.53, | 

,, chromium sulphate, 452. 

,, cyanide, 462. 

,, ferrocyanide, 461, 462. 

,, ,, Uses of, 462. 

,, iodide, 460. 

,, nitrate, 424. 

, ,, from the osmose 

process, 188. 

,, porcarbonate, 466. ' 

,, perchlorate in saltpetre, 

425. 


,, permanganpte, H9. 

,, ,, bleaching by, 287. 

„ „ for purifying 

spirit, 232. 

,, persulphate, 456. 

,, salts, Sources of, 452. 

, , sulphate, 454. 

„ Bulphocyanido, 462. 

,, thiocyanate, 462. 

.-a , ultramarine, 377. 

.P5^to, Saccharification of starch in, 
i 231 ; spirit, 231, 232 ; starch, 198. 
^Potatoes, Diseased, used for star'^h 


making, 199 ; for starch, 199 , 
Frost-bitten, 199 ; Fusel oil from, 
233 ; Loss of starch in, by frost, 
199 ; Loss of starch in, by oxida- 
tion, 199 ; Specific gravity of, in- 
dicating starch content, 199. 

Potter^' clays, Analysis of, 166 
Properties of, 1 56. 

Pottery, Kinds of, 159. 

Poudrette, 125. 

Precious Stones, Imitation, 172. 

Precipitation processes of making 
white lead, 372. 

Preservative, Arsenic as a, 442 ; 

i Saltpetre as a, 425. 

Press- cake. Gunpowder, 426 ; Olive, 
247. ^ 

Press, Filter, 182 ; Hydraulic, 245. 

“ Pressure bowl,” 361. 

Priming beer, 219. 

Primuline base, 296. 

,, dyestuffs, 296. 

,, Method of dyeing with, 

297. 

,, Photographic application 

of, 297. 

,, yellow, 297. 

Printing, albumin, Application of, 
in calico, 362 ; Application of 
acetic acid in cotton, 361 ; Arsen- 
ate of soda, Application of, in 
calico, 362 ; Block, 361 ; blood 
allmmin, Application of, in calico, 
362 ; Calico, 361 ; Colour, 361 : 
Discharge style of calico, 362 , 
Dyeing style of calico, 362 ; 
ink, 251 ; phosphate of soda. Ap- 
plication of, in calico, 362 ; Pig- 
ment style of calico, 362 ; Resist 
style of calico, 363 ; Roller, 361 ; 
8team style of calico, 361 ; Styles 
of cotton, 361 ; Thickening agents 
for calico, .361 ; with aniline bWk, 

n 331 ; with indigo, 344 ; Wood, 363. 

producer gas, 81 ; Composition of, 
69,1) for retort furnace, 68. 

Proof spirit, 234 ; Specific gravity of, 
234... 

“ Proof stick,” 194. 

“ Proof vinegar,” 237. 

Propyl alcoliol, 233. 

Protocatochuic acid, 398. 

Pr«ue,'»128. 

Prussian blue, 377 ; Dyeing with, 349. 

Prussiate of pot^lsh. Red, 462 g 
Yellow, 461. 

r-PacT, 407. 

Fugmill, 388^ 

Pumpherstoii sSiale Ietort>. 109, 
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Purifier, Arrangement of ga«, 74 ; Quinonedi-imide, 32*2. 
for coal gas, Ferric oxide, 73 ; (,>uiiK)ntHlioxinie. 321. 

Lime, Action of, on coal gas, 74 ; (.i»uinone <iyeslufis, Application of, 
Revivification of sj)cnt, 74. 298. 

Purifiers, (las, 73. (,|uinoneoximcs, 302, 321. 

Purpnrin, 299. “ (,hiinonoitl sinu tmc,” 298. 

Purree, .387. (.Unnophtlmlone, .330. 

Putrefaction applied in winning oils, 

24b. P 

Puzzuolana, 153 ; Analysis of, 153. 

Puzzuolanic cement, 15.3. Kack-a hock, 433. 

Pyridine, 115; bast's, 87 ; bases for “ Ibti king bai k." 219. 
tlenaturing spirit, 234. *235 ; Parking brt r, 2 lit 

Methyl, 115. Pallinose in beet juice, 179. 

Pyrites, 2. Paegi. 231. 

,, burners, 3; Dust from, 7. Kagosin’s process, 133. 

,, gases, Percentage of oxygen lijigs. Mannfaettneof pa]n*r from, 365. 

in, 3 ; Percentage of sul- Pailway carriage lighting, S3, 


phur dioxitlc in, 3. 

,, smalls, 2 ; Imrner, 5. 

,, spt'iit, Sulphur in, 3. 

Pyritic shale, 4.‘)1. 

Pyrocateehol, 317, 3!t8 ; tannins, 398. 
Pyrogallic acid, .398. 

Pyrogallol, 398 ; Apjtlieation of, 314 ; 

tannins, 398. 

Pyrogallolphihalein, 314. 

Pyrolignite of iron, 104. 

Pyroxyline, 4.30. 

Pyrrol, 115; red, 115. 


Q 

Qu.\Ni)Kb, 98, 

(^hiarter bleacli, 287. 

(^tuartz glas.s, 174. 

(^uas.sia, a hop substitute, 210. 
(,)uebracho, 400. 

Quercitannic acid*, 396. 
Quercitin, 340. 

Quercitrin, 34<» 

(Quercitron bark, 346. 

Qy^rcus (jcgylof/s, 399. 

,, cdsfnutd, 390. 

,, cems, 399. 

,, ilex, 349. 

,, inf erf aria,, 397. 

,, painnadata, 397. 

,, rclnir, .399.^ 

,, tinctori'f, 346. 
ij.uick vinegar process, ‘236. 
QuinaUkic;, 3,35. 

Quinoline derivatives (dyestuf*^..), 
from coal 335f 
„ red, 33,'-- ^ 
yellow, 336. 

Quinone derivatives (dyestuffs), 
Quinonetiichlorftnidt^, 322. 


Pancid butter, Putvrie nriil in, ‘254. 
P.'inritl, (Mis wliicb beeoint*, 242, 2.V2. 
Paneitlity, (’ause of, 240 ; Cliemistry 
tif, *240. 

Pan.soii’s ])roees8, 18,3. 

Pape, < akt“ as manure, 126, 248. 

Pape oil, ‘242, ‘248 ; Blown, 251 ; 
grou}», Oils t)f, *242 ; Oumming of, 
248 ; Properl icH of, 248. 

Rapic acid, ‘2.39. 

Rasping machine, lOJb 
Pavt'H treatment of vitriol tar, 111. 
Headman and Parker proeess of 
pliesphoruH manuf.ictnre, 4.36. 
Pealgar, 383. 

Praumut’s porcelain, 171. 
peel ifieat ion of crude sjiirit., 232. 
Rectified spirit of wine, 234. 

, . Spec i fie grav ity of, 2.54. 

Rectifier, ‘2‘27. 

Red arsenic, 400, 

,, lea<l, 38.3. 

,, licpior, 34. 

,, ,, ('auslic .sisla from, ,36.* 

„ oil, 264. 

oxidt' of iron, 384. 

,, j)ho.sj)boruH, Manufacture of, 4.36. 
,, ,, Propertich of, 434. 

,, Jiigiiirrp^'-, 3S.3, 

,, vr'get.'ilue eolemring matter.”, 340. 
Reilislillalions, ( irude oil from shale, 

■j 110. 

Iledonda phosphate, 117. 

“ Reduced oil,” jietroleum, ‘283. 
Reduction, lileacliing by, 28.S. 

334. Refined alkali, 34. 

KefrigfT.'itors used in brewing, 213; 
• ^i?lplinr ilioxide for, 6. ^ 

• t ' Regenerative burner, 78. 

297. Rendering fats, 2*^5. 

' ,, of tallow, 253. 
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Reseda luteola, 346. 

Resins, ‘258 ; defined, 256 ; for var- 
nishes, 262 ; Gum, 256, 259 ; Oleo, 
256 ; Running, 262 ; varnishes and 
oils, 239. 

Resists, 363. 

Resist style of calico-printing, 363. 

Resorcin green. 321. 

Resorcinol, Application of, 312 ; 
Preparation of, 313 ; Properties 
of, 31.3. 

Rosnrcinola/.obenzeno, Formation of, 


295. 

Resorci noldisazobonzone, Formation 
of, 295. 

Rcsorcinolplithalein, 313. 

Ro.sorufin, 328. 

Retort GarV)on, 70. 

,, ] iiincnsions of gas furnace, 67. 

,, gas furnace, 67. 

,, Henderson, for shale distilla- 

tion, 107. 

,, Percentage of coke needed for 

firing gas, 67. 

, Producer for gas furnace, 68. 

,, Punjpher.ston, for shale dis- 

tillation, 109. 

,, Scurf, 70. 

Young and Boilby, for shale 
distillation, 107, 108. 
Retorts, Carbonising in, for gas pto- 
duction, 67 ; Carbonising wootf in, 
100 ; Charging gas, 69 ; Drawing 
gas, 69 ; Mechanical charging of 
gas, 69 ; Process of distillation in 
gas, ()9. 

“ Retted ” llax, 279. 

‘'Retting'’ llax, '279. 

Kevensioii of superphosphate, 119. 
Reverted phosphate. 119. 
Revivification of spent purifier, 74; 

tof spent acid, 429. 

Revolver black ash process, 31. 
Rliainnotin, 346. 

Rhainnm amygdalinus,^ ,346. 

,, fravgula, 42 . 5 . 

Rliigolene, 130. • '' 

Rhodaiuine, 315, .355 ; 8, 316. 
Rhombic phosphate of soda, 442. 
Rhus coriaria, 406. 
j, cofinvs, 346. 

,, japonica, 3116 . 

,, semialata, 396. 

Rice starch, 198, 200. ^ 



I ,, series of acids, 242. 
fkteinm communis, 251. 


Rinmann’s green, 381. 

“ Rippling” flax, 279. 

“River phosphate,” 117. 

Roans, 412. 

Roasters, Blind, 28 ; Open, 23. 
Roburite, 433. 

Roccella fnciformia, 347. 

,, tinctoria, 347. 

“Rock,” 270. 

Rocks, Influence of rate of cooling or> 
structure of, 171. 

Roller printing, 361. 

Roman cement, Analysis of, 144. 
Rope, 280. 

Ropy fermentation of beer, 220. 
Rosaniline, 306 ; base, 307 ; base. 
Chemistry of, 306 ; Constitution 
of, 303 ; hydrochloride, 307 ; salL 
Formation of, 306 ; Tri phenyl-, 31(7. 
Rosin, American, 258 ; Common, 253. 
Rosinduline disulphonic acid, 333. 
Rosindulinos, 3 i3. 

Rosin grea.se, 259. 

,, oil, 259. 

,, Properties of, ‘258. 

,, spirit, 259. 

,, White, 258. 

Rosolic acid, 311. 

Rotatory exhauster, Beale’s, 71. 
Rouge. 2.3, 384. 

Rounding liides, 407. 

Rove, 397. 

Rubber, 260. 

Ruborythrin, 299. 

Rnhia tinefona, 299. 

Rum, 230. 

Rinmx h)/menosrpalum, 401. 

“ Running” rosins, ‘26'2. 
lJusma, 406. 

Russia leather, 417. 

; Russian petroleum, 133 (.see also 
Petrokiim). 

„ tar, 102. 

♦ ,, turpentine, 257. 


s 

“ y.vccn.aK.aTE,” 177 ; Calcium, 181 ; 
, Diplumbic, 194; Distrontium, 189; 
Monocalcium, 1 89 ;'ivIonostrontium, 
189^; Tricalcium, 188. 

SacStiarSftes, ISS. ^ 

Saccharatum, Sorghi^, 19r. 
.Saccharifies, 176. 

'Saccharitlcation of starch in potato,. 

2m . 

Saccharine, Manufacture of, 446. 
r Saccharinum, Ater, t91. 
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Sacchatvmyces ccretn^iVr, 217. 

,, ‘ eflipsoidem, 222. 
Sdccharoinycetefi, 204, 215. 

Saccharum ojicinarum, 176. 
Saddening mordants, 1151. 

Saf ranine, .355 ; T, 319. 

Safranines, 3ly. 

Safety matches, 436 ( sco also Matches). 
Safflower, 347. 

Safrosin, 314. 

Saggers, 160. 

Sago, 202. 

Saladin system of malting, 206. 
Salicylate, Methyl, 258, 446. 

Salicylic acid, 446 ; as an antiseptic 
for i)C‘er, 219 ; as a preservative, 
446 ; natural, 446 ; prepared from 
phenol, 446. 

Salt, 24 ; Analysis of rock, 24 ; Bay, 
25 

Salt cake. Composition of, 29 ; fur- 
nace, 27 ; furnace, Mact^iar’s, 28 ; 
Manufacture of, 27; Yield of, 
28. 

Salt, Calcium sulj)hate in rock, 24. 
“Salt tishing,’’ 2.5, 

Salt from sea- water, 26. I 

“ Salt gardens,” 26. i 

Salt gla/.ing, 162. ' 

,, pans, 25, 

Kock, 24. ' 

Saltpetre as a preservative, 42.5. 

,, Bengal ordinary, 424. 

,, earl Its, 424. 

,, Hour, 424. I 

,, Perchlorate in Chili, 459. 

,, Potassium perchlorate in,' 

425. 

Salt.s. 447. ^ . 

Samming, 416. 

Sandblast, 174. 

Sandmeyer's proee.«s, 311 
Sanitas. 257. 
iSaiital wood, 345, 

San tori n earth, 153. 

Sap.au wood, 345. 

Saponitication, 210, 264, 265; by 
lime, 269; cquivaleiO* 241; of 
fat.s, 240; Pan pntcesH of. 269; 

processes, ^Yi6»d in, 271; vah*, 
234 : with alkali carbonates, 264. 
SatiirfBed fatty acids, C^H*<^inlain- 
ing,%43. 

Saucers of vf|riol chambeis, 7. 
Saxony blue, 343. 3 

“Scale, ('rude, ’ 111. ' 

Scale, Parafbn, 111. 

“ Scaj^” 3, , , • ^ 

Sche^’s green, 380. 


Scheibler’a proceu for recovery of 
sugar from molasses, 189. 
Schenck's .scarlet phosphorus, 438. 
Schizo7ny('cfes, 204. 

SchlcmjM?, 455. 

Schlempokohle, 191, 455. 

Sehultzo’s jjowder, 450. 

Schweinfurlh green, 380. 

ScotCs cement, 143. 

St'ouring cotton, 2S4. 

,, h‘athor, 417. 

,, wool, 282. 

Screening malt, 207. 

“Scrim, ’^251. 

Seudding hiiles, 407. 

Scurf, Uelort, 70. 

“Si ulclung” ll.ax, 279. 

Scaling wax, 259. 

Seal oil, 244, 255. 

Sca-watcr, Analysis »yf, 26; Salt 
from, 26. 

Seaw(‘cd, 459. 

SoIkiccous glands, 390. 

Scemularv cathoile, 59. 

Secd-lac,‘2.59. 

Seed, Oils won from, 245. 

Seger’s cones, lt»l. 

.Semi-rotation, 195. 

Separator, Magnetic, 211. 

Sepia, 387. 

Sepia ofiiciivdis, 387. 

Soptaria noduh>s, 144. 

.Seriein, 277 ; nunoverl from raw silk, 
277 

Sesame oil, 243, 249 ; Properties of, 
249 ; Uhch of. 249. 

Si’HUDiiiM orit'iitn/e, 249. 

Sesqu icar 1 M mate., 35. 

Stx3quiterpem^K, 257. 

Setting ot mortar, lllTec.t of ti tnpc.ra- 
tuie on, 142. 

,, Portland cemenl,ri5‘.^ 

“ Settling hack,” 219. 

Sewage HH manure, PJ.Y 
,, precipitant K, 450. 

S<5vreH pore<‘.lain, 161. 

Shale^li«r.zin(y from, 110; Ikm/.oline 
from, 110; Com|)osition of, 105; 
Crude oil from, 110; (Jrudo oil 
from redislillation, IK); Destruo* 
live distillation of, 105. 

Sflale distillation, Ammoniaeal licpior 
from, 112; (Ja.s from. 113; (4aso- 
I^ne from, 113; Henderson retort 
^for, 107 ; Pumpher.stn.;^ retort for, 
► 109 ; Y'oung and Beilbj^^/^lttrt fdr. 

108. 

j Shale “ green oil,” 110. 

1 „ kerosene, 106. 
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Shale, Naphtha solvent from, 110. 

„ oil, Purifying, 110. 

,, oil, Yield of products from 
crude, 112. 

„ Orimn of, 106. 

, , products, Distribution of nitro- 
gen in, 113. 

,, Pyritic, 461. 

,, Yield of products from Brox- 
burn, 106. 

“Shales, Vitriol,” 23. 

Shammy leather, 416. 

Shark -liver oil, 244. 

Shaved hides, 412. 

Shellac, 259. 

Sherry, 223 ; Caramel for colouring. 
223 ; cask, Use of, for maturing 
whiskey, 227. 

Shoddy as manure, 123. 

Shot effects in dyed silk, 359. 
Siemens burner, 79. 

„ tank furnace, 168. 

,, toughened glass, 170. 

Sienna, Burnt, 385 ; Raw, 385. 
Siennas, 385. 

Silent spirit, 233. 

Silica for glass, 164 ; fused, 174. 
Silicate of magnesia, 281. 

Silk, 277 ; Analysis of raw, 277 ; 
Artificial, 278, 281 ; bleaching, 
283; “ Boiled-ofF,” 283 ; Denitra- 
tion of artificial, 280 ; “ Discharg- 
ing,” 283 ; Weighting, 285. 

Silk dyeing, 3.59 ; with acid colours, 
,360; with basic colours, 359; with 
direct colours, 359 ; with mordant 
colours, 360. 

Silk fibre, 277 ; Behaviour of, to re- 
agents, 277; Specific gravity of, 278. 
Silk glue, 277, 

,, Sericin removed from raw, 277. 

„ i'“S^.rippinir,”283. 

„ “ Tussur,” 277. 

,, “ Ungumming,” 283. 

,, Winding, 277. 

Silks, Wild, 277. 

Silver ultramarine, 377. ^ 

Simon -Carves coke oven, 95, 

, , oven, Y iold of products 
from. 97. 

Simpson and Parnell process for 
alkali waste, 38. '■ 

Sintering, 161. 

Sitosterol, 244. 

Size, 420. „ , 

Sizin^*^-l,Iit8, 365. < 

^Skimming back,” 219. 

Skjf aming system of cleansing beer, 

fi9. 


Skin, Proximate composition of, 391; 

Structure of, 389. 

Skin-hardened soaps, 266. 

Skins and hides, Quality of, 393. 

„ defined, 393. 
u Falling of, 395. 

,, Ultimate composition of, 393. 
Skivers, 412. 

Slack malt, 207. 

Slag, Analysis of basic, 120 ; Ball 
mill for basic, 121 ; Basic, 120 ; 
Cement, 154; for cement. Blast 
furnace, 154 ; wool, 281. 

Slaked lime, 141. 

Slaking of lime, 141. 

[ Sleekers, 417. 

Slurry, Analysis of cement, 150; 

Manufacture of, 145. 

Small coal for alkali manufacture, 27. 
Smalls burner, Pyrites, 5. 

,, Pyrites, 2. 

Smalt, 173, 378 ; Analysis of, 379. 
Smoke, Gunpowder, 427. 

Smokeless powder, 427. 

Soaking hides, 404. 

Soaks, 404. 

Soap, 264 ; and candles, 264 ; Arti- 
ficial mottled, 266; Cold-water, 
265 ; Cresolic acid in, 276 ; Curd, 

265 ; Detergent action of, 267 ; 
Detergent properties of, enhanced 
by alkaline substances, 264 ; Dis- 
infectant, 267 ; “ Figging” in soft, 

266 ; Filling materials for, 264 ; 
Fitted, 265 ; Frothing prevented 
in whivskey stills by, 227 ; Glass- 
makers’, 165 ; Green colour of 
soft, 266 ; Lead, 267 ; lyes. 
Glycerine recovered from, 266 ; 
-making. Fats and oils used in, 

264 ; Manganese dioxide in, 266 ; 
Manufacture of, 265 ; Manufac- 
facture of soft, 266 ; .Marine, 266 ; 
Mottled, 265; Potash, 264 ; Prim* 
ra e, 265 ; Sodium sulphate in, 

265 ; ^Sugar in, 265 ; Use of, in 
dyeing, 353 ; Water in, 265 ; 
Yellowitig of wool W, 283. 

Soaps, defined, 264 ; I^ousehold, 266 ; 
'I Milling, 266 ; R«w piaterials for, 
264 ; Scourii^, 266 ; Soda, 264 ; 
Toilet'; 266 ; Transparent, 26^ 
Soapstone, 365. ^ 

Soda, Anah'sis of cru(i3 nitrate of, 
122 ; asS, 34 ; ash. Analysis of, 
3^; Apparent density of ammonia, 
52 ; ash. Apparent density of, Le- 
blanc, 52 ; a^<i,, Cau^ticisine, by 
• fusion with ferric oxide, 5^ Bi- 

• o * 



INDEX 


505 


carbonate of, 35 ; Caustic, 35 ; Sotlium pulphate, Use cf, in dyeing, 


Caustic, from red liquor, 36 ; 
crystals, 34; “glass,” 171 ; Grades ,, sulplude as a depilatory, 405, 

of caustic, 36 ; liquor, Concenlra- 4CH). 

tion of caustic, 36 ; Purification of „ „ for making wood 

crufle nitrate of, 122 ; soaps, 264 ; pulp, 368. 

Ultramarine, 376 ; Washing, 34. sulphite, 6. 

Sod-oil, 415. Sodoxyanlhnujuinonc, 3(K,K 

Sodium alixarate, 800. ISullioni, 440. i 

aluminate, Use of, in dyeing, ■ Softening processes in tanning, 407. 

8.52. I “ Soft pilch,” 02. 

ami<le, 461. j “Soft woods, ’ (jlyewooilH), 345. 

arsenate, Maniifaetnre «d, I Solar oil. 188 : for oil water gas, 81. 
442. j “Solid llaine burners,” 70. 

,, Use of. in dyeing, I ,, green, 821. 

851. I Solidification of Russian petrohmiu, 

biearl»onate, Uonversion of, j 184. 

into soda ash, 52. I Solidifieil broniino, 459. 

bichromate. 447. i snlphuriir acid, 18. 

l>isul|>liale, 86.'). j Soluble hliM*s, .'fOO. 


bisulphite, 6. 

“ ciirbolatc,” 89. 


,, si arch, 202. 

.Solution of metals in glass, 172. 


carbonate prepared from cry- ! Solutions, Ael.ioii of, on glass, 175, 


olite, 56. 
chlorate, 48. 


‘Solvent naphtha,” 88 ; from shale, 

no. 


for alizarin niami- i Solvents, 468 ; Spirit, for vartiishos, 


fact lire, 800. j 268 Volatile, ‘246; Volatile, for 
chloride, Eflect of, in water I wool wasliing, ‘276. 

for browing, 214. i Soot, Ammonia in, 122; Arsenic, 

chromate; n:. 441; for manure, 1‘2‘2. 

citrate as a resist, ,863. Sonjhum sacrharntmii, 191. 

ferrite, 52. ,, sugar, 191. 

fluoride as an antiseptic fori Sorrel, Salts <if, 443. 
l)eer, 219 ; as a softening Sour beer, 2*20. 
agent, 4.89. ! '"^our, Grey, 285. 

meta borate, 441. ' Lime, 285. 

nitrate of manure, i2‘2. j “Sour” process of star 
,, Conirmircial analysis: ‘201. 

of, 128. ,y tanning, 411. 

,, iTi Glover tower, 15. ,, white, *285. 

nitrite, Vae of, in making 1 Soxhlel extractor, 216. 

dvestufls, 298. 1 Sparger, 21 1. 

olcate, 241. ! S[.arging, 211. 

oxalate, 443. | Speise. 879. 

])ermanganatc, 449, Spent beet, Analysis ol 

iicroxidc, 456 ; BIeacliing%, „ lees, 2*27. 

288. " >> ;l|(e from soap wr 

plienyl carbonate, 146. ,, oxiJm, 2. 74. 

phosphat/C, Manufi^ture of, ,, ,, Sidphur i 

442. ,, purifier, Revivif 

• ^ Use of, in dye* „ pyrites, Sulphur 

” ing, 35i. tan, 408. 

ficsquicarbonate, 8i* ♦ ,, „ Application 

lilicate for electroP’M. dia- white lea- 
rn pliragmfu58. „# wash, 280. 


Sour, Grey, 285. 

,, Lime, 285. 

“Sour” proeeasof starch extruction, 
‘ 201 . 

,, tanning, 411. 

,, white, *285. 


Spent beet, Analysis of, *181. 

„ lees, 2*27. 

>> ;l|(e from soap works, 266. 

,, oxioe, 2. 74. 

,, ,, Sulphur in, 74. 

,, purifier, Ri'.vivification of, 74. 
„ pyrites, Sulphur in, 5. 
tan, 408. 

,, ,, Application of, in making 

white lead, 371. 

,, 9 wash, 2.80. 

;n, , , as a fodder, 


% pliragmiu 58. j ,, ' wasn, 

,, Decomposftio i of, ^ ,, as a foe 

^arVKmdio\.-’|.-, "iiermaceti, 255. 
sulphate for glassmaking, 29. ; S|>crni candles, 269. 
^ in*s6ap, 265. i „ oil, 244, 255. 
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Sperm oil ^oup, Oils of, 244. 

,, ,, Properties of, 255. 

Spindle oil, 1H3. 

Spirit, 224 ; Analysis of, 231 ; blue, 
309; Chromic acid for purifying, 
232; Clean, 227 ; Commercial, 231 ; 
Composition of, 232 ; Content of 
fusel oil in crude, 231 ; Denatured, 
for varnishes, 235 ; from maize, 
233 ; from molasses, 233 ; from 
turnips, 233 ; Fusel oil removed 
from, by oxidation, 232 ; German, 
231 ; German .system of denatur- 
ing, 235 ; Manganese dioxide for 
purifying, 232 ; Materials for 
manufacture of, 224 ; Methylated, 
234 ; methylated. New, 234 ; 
methylated, Old, 234 ; of wine. 
Rectified, 2.34 ; oil of turpentine, 
for denaturing, 235 ; Ozone for 
purifying, 232 ; Potassium per- 
manganate for purifying, 2.32 ; 
Potato, 231, 233; Proof, 234; 
proof. Specific gravity of, 234 ; 
Purificatiot) of crude, 232; Pyridine 
bases for denaturing, 234 ; R«“ctifi- 
cation of crude, 232 ; rectified. 
Specific gravity of, 234 ; Removal 
or fusel oil from crude, 232 ; 
Silent, 233 ; Valuation of crude, j 
232 ; varnisltes, 263 ; varnishes. Sol- 
vents for, 263; Wood, 103; Wood 
charcoal f- •• purifying, 232; wood. 
Composition of, 103. 

Spirits, Caramel for colouring, 196 ; 
Classification of potable, 224 ; 
of turpentine. 257. 

Spray, Water, in vitriol making, 13. 

Sprengcl’s explosives, 433. 

Stack process of making white lead, 
370. 

Sta^':e l^jlns, 146. 

Staining wood, 4.50. 

Staking skins, 413 

Standard cafidle, 269. 

Stannato of soda. Use of, in calico- 
printing, 352. ^ % 

Stannic chloride. Use of, in dyeing, 
352. 

Stannic chromate, pigment for glass, 
174. 

Stannous acetate as a discharge, y.‘i2. 
,, chloride as a discharge, 362. 
„ ,, Use of, in dyeing, 

352. ' 

St)^..^'.*of cotton, 279; of 

e of jute, 280 ; of wool, 275. 

S^rch, .198; and sugar, 176; Arrow- 
root, 198, 202; Colloidal character) 


of, 202; converted into sugar, 196 ; 
extraction. Sour process of, 201 ; 
extraction, “Sweet” process of, 
201 ; factory, Residue from, as 
fodder, 200, 201 ; factory, Water 
from, as manure, 200 ; gelatinisa- 
tion of, 202 ; granules. Sizes of, 
198; “Green,” 199; from horse- 
chestnut s, 202 ; jelly, 202 ; Laundry, 
200 ; Maize, 201 ; making. Dis- 
eased {lotatoes used for, 200 ; 
manufacture. Gluten recovered in, 
201 ; manufacture of, 198 ; paste, 
202; Potato, 199; Potatoes for, 
19!) ; Rice, 198, 200 ; Saccharifica- 
tion of, in potato, 231 ; separated 
from gluten by caustic soda, 200 ; 
separated from gluten by ferrnen-^ 
tatiori, 200; soluble, 202; solution, 
Viscosity of, 202; Sources of, 198; 
sugar, 196; sugar, Caramel made 
from, 197 ; sugar. Composition of, 
197; sugar, Manufacture of, 196; 
Uses of, 202; Wheat, 200; Yellow 
tint of, corrected, 202 ; yielding 
materials, Analysis of, 198. 

Starches, Edible, 202 ; for brewing, 
209. 

Stassfurt boracite, 440. 

,, residues, Bromine from, 459. 

,, salt deposits, 452. 

Stassfurtitc, 440. 

Steam style of calico-printing, 361. 

Stearate, Glyceryl, 244, 253. 

Stearic acid, 239 ; Manufacture of, 
269. 

Stearin, 240 ; Cotton seed, 249 ; 
Cotton seed, an adulterant of 
tallow, 253 ; for candles, 270. 

“Stearin ” nightlights, 268. 

Stearin pitch, 271. 

,, (stearic acid) candles, 272, 

Stearo-lactonc, 272. 

St-earoptenes, 258. 

SK^-^tite, 305. 

SteeVsfiiasher, 211. 

Steeping barley, 205, 

Steffen’s,, process, Sugar recovered 
from molasses by, ISO. 

^‘Stench” of beer ,,2 10. 

Sterilised air for rcfrijferating rooms, 
214.'- 

Stick ‘lac, '^259. 

Stockholm tar, 102. _ 

Stone, Al|m, 451 ; Analy-sis of, 451 ; 
‘Artificial, 154; Bine, 449; China, 
V61*‘; Cornish, 162 ; square system 
of cleansing keer, 218. 

“Stone, Vitriol, ”*23. * 
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Stones, Imitation preoiotis, 172. 
Stoneware, 1G2 ; (;ia/.es for, 1G2. 
Stout, 220 ; Artitirially coloured, 
206 ; Water for, 2l0. 

“ Stoving," 2S^{. 

Stra.^s, 172. 

Straw, Charcoal from. 426. 

“Striking out’’ leather, 416. 

,, the colour of leather, 410. 
“Stripping ' .silk, 2.S.‘h 
Strontia, 457 ; hurniiig, 100; procc.'.s, 
ISO ; Sugar recovered from molass«‘s 
hy, ISO. 

Strontianite, 190, 456. 

Strontium carl»onate, 190. 

,, hydroxide for sugar re- 

fining, ISO. 

y, ,, Preparation of, 

lOti, 457. 

,, nitrate, 456. 

,, .sall.s, 456. 

Stucco, 1411. 

Stutled leather, 417. 

Stulliiig skins, 418. 

Styles ot cotton printing, .‘}()1. 
iStyrdx hnKoiii, 259. 

“SuhliuKvl while lea<l,” 874. 
Substantive dyes, 2S9 ; Kxain|)les of, 
854. 

,, dycst.dls defined, 2S9. 
Sueeinie acid, 217 ; produced in 
acetic ternientation, 285. 

Suerates. ISS. 

Sucro.se, Hydrolysis of, 197. 
Snero.ses, 176. 

Sudoriferous glands, 890 
Suet, 258. 

Sugar and starch, 176. 

Sugar, Beet, 179; heel, l)ifl'u.«ion 
proces.s of extraction, 179; Beet, 
identical with Cane sugar, 192; 
Cube, 195 ; candy, l‘.*.'». 

Sugar, Cane, 177 ; (5»niposi1.ion of 
raw, 179; Extraction of, ^77; 


Battery of colls for. 180; diffusior. 
proees-s Cells for, ISO; extraction, 
Com|)osition of aludgo from Iwet, 
188; extraotioii, DitVusers for, 180; 
extraeiioii from bi et, 179 ; Formen* 
lation <»f, 216 ; Fermentation of 
cane, 216; filtration. Twill Iwigs 
for, 192 ; Kir.st jet, lS7 ; lor 
diabeiie j atients, 197 ; Fruit, 197 ; 
in .soap, 265 ; Invert. 197 ; Loaf, 
194 ; loav<‘s, 194 ; Bump, 195 ; 
Manufaeturcof starch, 196; Maple, 
191 ; Moist, 192; “Moist” fraud 
identlv coloured, 194; Milk, 195; 
milk, I'ernn'ntation of, 216 ; .Minor 
i .sources of. 191 ; of fruits, 197 : of 
Iea<l, Ihown, 194 ; Palm, 191 ; 
Preparatioti of, for the market, 
191 ; Keeovi'red from molassot 

(see 

Sugar reeoNery, Aluminium sulnhato 
used for, 191 ; Baryta u.mmI lor, 
199 ; la ad oxide us<>d for, 191 ; 
Strontium hydroxide tor, 189. 

Sugar refining, Animal l•ha^e<all used 
in. 198; Char for, 198; Iv iiporat ion 
; of liiiuid in, 194; hydrollnoi ic 
1 acid, Ihse of, in, 489 ; Raw, 192, 

I .Sugar, SehiMhler's pro<‘e.ss for re- 
j covery of, from molas.ses, IS9 ; 
i Solubility of nnlk, 195; .solution, 
j Fill 1 . at ion of. 192; Sorghum, 191; 
1 Stareh. 196 ; Tin in Hemerara, 

I P.tf; Ut ilisation of uncrystalliHed, 

I 1.S7 : \ineg.ar, 287; Wliil.c, 195; 
I Yi'llow colour of, eorrected, 195 ; 
' V ield of. from bi'ct , 1S7. 

Sugars «‘la,'^>ilie<l, 176. 

,, for brew iiig, 299. 

,, Xomenel.il ure of, 176. 

Suint, 276; Potash from, 455. 

Sulphate ultramarine, 865. ^ 

Sulpliat<‘.s, 4 49. 

.Sidfilia/ines, 828. 


Hy<lrolysis of, 197 ; Inversion of, 
197 ; juice, Analysis of, 1J7 ;^juiee, 
ComiMJ.sitiun of raw, I ; juice, 
Concentration of, 177. 

Sugar, Caramel, made from -^tarrh, 
197 ; Comj) 0 |ition of raw , ; 

Compositl^)!! of refined, 195; Com- 
position of starch, 197 ; 4 >m[)Ouiid.s 
t^^ith alkaline cartlfKT ^'8 ; l>e- 
colorisation of, 198; He.i, cation of, 
by blo(Hl^l98; Dr^ejUion of, ly 
ozone, 184: DcleeafioT. of,* b;^ 
Ranson’s metluxl. 1S8 , u*iei|lHon 
of, Electrical, detiricd, 176; 
l^lj^eiarA, 192; diffusion procestp, 


Sulphide ves.sel, 74. • 

Sulphite litpior, Sj)ent , 868. 

1 ^iroee.ss lor making wo<xl 

I I'nl]', 868. 

I Sulphites, Bleaching by, 28.8, 

! Sulphocyaiiide, Potassium, 462. 

I Sulpboglyeeric aei<l, 481. 
^ulpboligiiie acid, 868. 

! Siilfihonation, Process of, 292. 

I .Sulphonic acid dvcBtuffa, Application 
\ • of, 857. 

• ,, acids formeir-^^jiLrelinirig. 

215. « 

Sulphur, 1 ; Black, 377 ; Blue, J47< ; 
1 burners for vitriol makiniA 6| 
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burners, Percentage of o*ygen in 
gases from, 6; burners, Percentage 
of sulphur dioxide in gases from, 5. 

Sulphur chloride, *247, 465; process 
of vulcanisation, ‘261. 

Sulphur compounds in coal gas, 77 ; 
Determination of, 77. 

Sulphur dioxide and oxygen, Combi- 
nation of, 19. 

Sulphur dioxide, Bleaching by, 283 ; 
Boiling point of, 6 ; Conversion of, 
into sulphuric acid, 12; from 
blende, 6 ; from sulphuretted 
hy<lrogen, 6; Liquefied. 6; manu- 
facture, 6 ; Percentrtge of, in gases 
from sulphur burners, 5; for re- 
frigerators, 6; Percentage of, in 
pyrites gases, 3 ; Specific gravity 
of, 6. 

Sulphur, Distillation of, 425; Flowers 
of, 2 ; for gunpowder, 4*25 ; Igni- 
tion point of, 426 ; in spent oxide, 
74 ; in spent pyrite.s, 5 ; Methods 
of extracting, 1 ; Native, 1 ; Re- 
covered, 1, 38; recovery from 
alkali waste, 37 ; recovery from 
gas liquor, 85 ; Removal of, from 
oils, 131 ; sosquioxide, Use of, 298; 
sprinkled on hops, 210; “Venti- 
lated,” 2. 

Sulphuretted hydrogen in coal gas, 
77. 

,, „ Sulphur di- 

oxide from, 

6 . 

Sulphuric acid. Action of, on castor 
oil, 252 ; Arsenic in, 18 ; Concen- 
tration of, 16 ; Contact process for, 
19 ; Conversion of sulphur dioxide 
into, 12 ; English, 23 ; for Gay- 
Lussac tower, 15; Fuming, 22, 23; 
Hydrolysis of fats by, 270 ; Im- 
purities in, IS ; in vinegar, 237 ; 
manufacture (see Vitriol)', Mono- 
hydrate, IS; Nordhausen, 22; 
“ Solidified,” 18 ; Specific gravity 
of, 18; Use of, for oil i:efning, 
245 ; Uses of fuming, 22. 

Sulphuric anhydride, 22. 

Sulphuring hops, 210. 

Sulphurised dyestuffs, 338. 

Sulphurous acid, Antiseptic, for bee^. 
2 19. 

Sumach, 400; Use of, in dyeing, 353. 

Sumachtannic acid, 396. 
Sunflow^frr^^C, 243. 

SrpejTj'iosphate, 117; “Double,” 
UR; Evaluation of, 119; from 
home ash, 121 ; Reversion of, 119. 


Surrogates for rubber, 261. 

Suspender liquor, Composition of, 
411. 

Suspenders, 410. 

Swarf, 304. 

Sweat glands, 390. 

Sweat, Wool, 276. 

Sweating hides, 407. 

Sweetened gin, 230. 

Sweet fennel, 230. 

Sweetmeats, Dextrose for, 197. 

Sweet process of starch extraction, 
201 . 

Sweet- water, 273. 

Sylvestrene, 257. 

Synthetic dyestuffs, Organic, 292. 

T 

Tallow, 258 ; Beef, 244, 253 ; dips, 
268 ; group. Oils of the, 244 ; 
Mutton, 244, 253 ; oil, 244. 

Tan liquors, Acids in, 401, 

Tan, Spent, 403 ; Application of, in 
making white lead, .371. 

Tank liquor. Analysis of, 33 ; Car- 
bonation of, 33 ; Evaporation of, 
34 ; Purifying, for caustic soda, 35. 

Tank waste, 33, 37 ; Treatment of, 
.37. 

Tanneries, Water for, 395. 

Tannic acid, Preparation of, 397 ; 
Properties of, 397 ; Use of, in dye- 
ing, 353. 

Tannin, Absorption of, by hides, 418; 
Alcohol, 397 ; Consent of, in 
leather, 419 ; Crystal, 397 ; defined, 
396 ; Ether, 397 ; Extraction of, 
from galls, 397 ; Fixing, in leather, 
416; in hops, 209; Use of, in 
dyeing, .353 ; Water, 397. 

Tanning, Chrome, 413 ; Combined 
mineral and vegetable, 414; Elec- 
tii’c, 411; “Extracts” for, 403 ; 
Finishing processes in, 416 ; Func- 
tion of., acids in, 410; Iron, 414; 
materials, Analysis of, 402 ; Pre- 
paratory^ processes in, 404 ; 
processed, 409 ; processes classified, 
j^S9 ; processes, Rapid, 41 1 ; 
Softening processes in, 407 ; Sour, 
411 ; Theory of, 413 ; with alum, 
413 ; tiMp mineral salts, 413^ . ith 
oils, 415. 

Tannins, Blpom deposifiod by, 398 ; 
Glassification of, 398 ; Nomencla- 
tui)e *#f, 396 ; Pathological, 398 ; 
Pyrocatechol, 3R8 ; Pyrogallol, 398; 

- Physiological, 398“. ^ 
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Tanistuffs, 396 ; Analysis of, 402 ; 
claasilied, 398 ; Extraction of, 402 ; 
non-tannins in, Character of, 401 ; 
Mineral salts used as, 404 ; Oils 
used as, 404. 

Taps, 402. 

Tar acids, S9. 

Tar, Ueokton, Couijxjsition of, coal, 
87 ; iJlaek, 111 ; Coal, 85 ; Consti- 
tuents of coal, 85 ; (Yudo naphtha 
from coal, S7 ; Distillation of coal, 
86 ; distillation, I’roduots from 
coal, 87 ; Knrioiung gas hy, 83 ; 
First runnings from coal, 87 ; from 
cannel, 81 ; Light oil Irom cojil, 87: 
Naphthalene yield troin, 90 ; 
Russian, 102 ; Stockholm, 102 ; 
“ Vitriol,” 111 ; “ vitriol,” Rave's 
treatment of, 111 ; Wood, 102; 
Yield of, hy dilVcrent coals, <S6 ; 
Y'ield of, from Simou-Carvea oven, 
97. 

Tartar, 444. 

Tartar emetic. Use of, indyoing, .35*2. 
9’artaric acid, 414 ; in grapes, 222 ; 

Use of, in dyeing, 351. 

Tartrate, Anifine, 331 ; Calcium, 444. 
Tartraiiine, 320. 

Tartrazines, 329. 

Tawing, 413. 

Taylor filter, 102. 

Temperature measured hy Segm's 
cones, 160. 

Terehcnc, ‘257. 

Terebenthene, ‘257. 

Tcnnliiaiiii citrhvla, 309. 

Terpenes, 257. 

Terre vrrfe, 381. 

Totrabromolluorescei n, 31 3. 
Tetrahydroxylinthra<|ninones, 301. 
Tctraiodofluorc.sceiit, 31 4. 
Tctraiodopyrrol, 114. 
Tetramethyldiamidohenzophenone, 

300, 328. , 

Tetramcthylindamine sulphosul^iho- 
nate, 325. • 

Tctrazo-compounds dclinei^ 205. 
Telraz(Kliphenyl chloride, ‘206. 
Tetrazo- dyestuffs, 294 ;% Format ion 
of, *296. 

Textile fibr^, J75 ; Gral.ses as, 2lf0. 
Thallium giass, 174. « 

Th^Uimc.stone, 143. ••• 

Thermometer of constant zao point, 
174 % , _ 

Thermometers, Glass tc#, I <4. , 

Thiezines, 323. I . * 

Thickening agents for calico-printing, 
362. « • 


Thiocarbanilide, 341. 

Thiocarinine, 357. 

Thitx'yanatc,, Potassium, 46*2, 
Thionine, 3‘23. 

Thiosulphate, Calcium, 384. 

“ 'rhirly per cent.” ant hracene, 92L 
'J'horiuin oxide, 79. 

Tiles, 158 ; Kucjiustic, 158, 

Til seed, ‘249. 

'rimher i)rescrvative8, 134. 

I'incal, 440. 

Tin cryj^tals, Use of, in dyeing, 352, 

,, in Demarara sugar, 194. 

,, mordants, 352. 

,, salts for weighting silk, 285. 
Titan red, 351. 

,, yellow. 3.57. 

Titanium oxhle as tanning agent, 413, 
'I'iza, 441. 

Tt)lucne a source of artificial oil of 
hitter almonds, ‘258. 

,, Boiling pt)int of, 88. 

„ sulphonic acids, 446. 

Toluiiline, 3U5. 

Tolusafranino, 319. 

Toluyleuo blue, 3‘2‘2, 333. 

,, orange, 354. 

,, red, 318. 

Tonite, 430. 

Top fermentation, ‘215 ; of wine, 222. 
“Topping” with bftsic colours, 355. 
'I'op ycasi, 216. 

‘roughened glass, 170 ; Siemens’, 170. 
Tow, ‘281. 

Tower, Gay-Lussac, 8 ; Glover, 7. 
“Towers, Graduation,” 26. 

Train oil, ‘255. 

Trass, 153. 

Treacle, 178, 194; Analysis of, 178. 
'i'rianiidoazobenzeiic, ‘291. 
'rriaini<lotrii>henyl < arbinol, .30.3. 
'rricaleium fiaceharate, 188. 
Trihydroxy-benzoic acid, 337 '* 
Trihyilroxytriphenylmothane dye- 
stufi's, 310. ^ 

3’rillo, 400. 

Triniethyiamine from beet juioe, 179, 
^ ff hydrochloride, 456. 

‘rrimming hiilos, 407. 

Trinidad asphaltuni, 136. 
Trinitrophcnol, 21)2. 
Triphenylnicthanoearbinolorthocar- 
^ boiylic acid, 312. 
Triphenylniethane Derivatives of, 
,305; Derivatives (dyestuffs), 302 > 
, Formation of, 305. 
Triphenylrosaniliiie, 309^^^ 

Triple effect evaporators, 184.^ 
Trisazo- com pounds defined, 29l[^ 
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Tropeeolin 0, 294. 

„ Y, 294. 

Tufa, Ajtxalysis of volcanic, 163. 
Tumbling hides, 412. 

Turkey-red dyeing, 301. 

,, oil, 252. 

Turkish boracite, 440. 

Turmeric, 346. 

Turnbull’s blue, 378. 

Turner’s yellow, 383. 

Turnips. Spirit from, 231. 
Turpentine, 266 ; as oxygen earner 
131 ; Oil of, for denaturing spirit, 
235 ; Spirits of, 256. 

Turpentines, resins, caoutchouc, 256. 
Turps, 256. 

Tuscany boric acid, 440. 

Tussur silk, 277. 

Twill bags for sugar filtration, 192. 


Uebel’s nitric acid process, 11. 
Ultramarine, 375 ; Analysis of, 3/7 ; 
Artificial, 375 ; as a colour correc- 
tive, 202, 286, 377 ; Bleaching of, 
by acids, 376 ; Blue, 375 ; for cor- 
recting yellow tints, 365; Green, 
376 ; Green, converted into blue, 

376 ; Knapp’s theory of the colour 
of, 376 ; Potassium, 377 ; Silver, 

377 ; Soda, 375 ; Sulphate, 375 ; 
Uses of, 377. 

Umbers, 385. 

Uncaria gainhier, 400. 

Underback,” 213. 

Underburnt cement clinker, 161. 
“Underlets,” 211. 

“ Underproof,” 2114. 

“Unguniming” silk, 283. 

Unhairing hides, 405. 

“Unfun goods,” 356. 

Union method of cleansing beer, 218. 
Unorganised farments, 204. 
Unsaturated fatty acids, Oils con- 
taining, 242. 

U.P., 234. 

Uranium glass, 173, 174. 

oxide pigment for glass, 
” 174. 


Vacuum 185 
VflJeriflfavud, 239. 
^lonia, 399. 
Vayo’s prticess, 74. 


Valuation of ammoniacal liquor, 85. 
coal gas, 76. 
gas liquor, 84. 

,, “ manganese,” 40. 

Vanadium cqmpounds, Application 
of, .331. 

Vanillin in beet juice, 179. 

Varnishes, 262 ; Denatured spirit 
for, 235 ; Nitrated cellulose, 263 ; 
Spirit, 263. 

Vat ” dyeing with indigo, 342. 

,» Copperas, for dyeing with 
indigo, 342. 

„ Hydrosulphite, for dyeing 
with indigo, 343. 

„ Woad, for dyeing with 
indigo, 342. 

Vats, Vinegar, 236. 

Vaseline, 131 ; Decolorising, 461 ; 
from Russian petroleum, 133 ; 
Spurious, 131. 

Vegetable black, 386. 

,, fibres. Animal fibres dis- 
tinguished from, 277. 
oils, Winning and refin- 
ing of, 245. 

Vehicles for paints, 387. 

Vellum, 416. 

Venetian red, 384. 

[Verdigris, .381 ; “Distilled,” .381. 
Verditer, Blue, 379 ; Green, 381. 

I Vermilion, 383 ; Antimony, 384. 

I Verrnilionettes, 387. 

^Victoria blue, 309, 326. 

Vidal black, 338. 

Vinasse, 455. 

Vinegar, 235; Ale, 2.37; Caramel for 
colouring, 197 ; Cider, 237 ; cel, 
2.37 ; Factitious, from acetic acid, 
238 ; fly, 2.37 ; from malt, 2.16 
Malt, 238 ; Mother of, 235 ; Or 
leans process for making, 235 
Perrv. 237 ; process, Beech shav 


ii^s for, 236; process. Quick, 236 
process. Slow, 235; “Proof, 237 , 
Su^.r, 237 ; Sulphuric acid in, 

237 ; 'lt!’ade designation of quality 
of, 2.37 ; vats, 236 ; White malt, 

238 ; wide, Composition of, 238. 
Vines, Antiseptics for, 221. 

ViVgin oil, 217. ' ‘ 

Viscosimetry, Standard of, 248. 
Vi8Cosit\ in»parted to oils, 25L,ff; 

' „ Oils of high, 243. 

Vitreous arsenic, 442. ^ 

Vitriol, Blick, 450; Blue, 449; 
‘ Brnwn'oil of, 16. . o 

Vitriol chamber, Reactions in, 12, 
13, 14. • 
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Vitriol ohami)ers, Acid “drips” in, 
16; “ Curtains ” of, 7; Lead for,: 
7 ; SaiKcrs of, 7. 

Vitriol, Concentration of, 16. 

,, ,, in ca.st iron,17. 

,, ,, in* gla«8 stills, 

17. 

., ,, leail pans, 16. 

,, ,, platinum stills, 

17. 

,, Corrosion of platinum by, 17. 

,, Gold-lined stills for, 17. 
Green, 460. 

,, making, Causes of I »8.s of 
mire in, 14. 

,, ,. Nitric acid in, 15. 

,, , Plant for, 3. 

,, ., Process of, 3. 

,, ,, Quantity <»f nitre 

used in, 14. 

,, ,, Kegulation of. by 

Alkali Act, 16. 

,, ,, VVaier spray in, 13. 

,, Nitrous, 15. 

,, }ians, Quality of lead for, 16. 
,, Purilication of, 18. 'i 

,, Haw materials for, 1. 

,, “ shales.” 23. 

.. “stone,” 23. 

,, “tar,” 111. 

,, Kave’s treatment of, 

111. 

„ White, 450. 

Vitriols, 143. 

Volcanic tufa, Analysis of, 153. 
Vulcanisation of rnbher, 261. 

,, Sulphur ehloriile pro- 

c(‘SK for, 2(»1. 
Vulcani.sed caoutchouc, 261, 

,, rubber, 261 o'-ee also 
Rubber), 

Vulcanite, 261. 


w 


I 


Walnut oil, 24.3. 

Warble marks. Prevention of, 394. 
Wash, Composition of wl^skey, 226. 
,, leather, 41. 5. 

,, Spen^ 2|0 ; as a iodder, 232. 
Washer, Gas, 73. « , 

Wa^dng soda, 34. • 

Wael^ alkali, Analysis of, 37. 

»> Sulphur r^overy from, 

,, 1 1 calmer 1 otvi 

„ Tank, 3.3, 37. • 

^ TreAment of, 37. ^ 


Water, alkaline, KlTect of, in brew- 
ing, 214. 

„ Burton, 210. 

„ *• Burtonising,” 211. 

“ Watcr-f.ill ' malt screen. 207. 

Water for black i>eer, 210. 

„ brewing, 210 ; Advatitaw 

of the preseuce of cal- 
cium sulphate in, 214; 
Analysis of, 210; Rffeot 
of sodium chloride in, 
214. 

t. .. <l.Vcing, .364. 

,, ,, niihl ale, 210. 

,, ,, pale ale, 210. 

,, ,, stout, 210. 

,, ,, tamu’rios, 305. 

,, gas, KiuTgy al>s()rl)ed in pro- 
duction of, HI. 

,, ,, Manufacture of, 81. 

,, glass, 155. 

,, lianl. Objections to, in tan- 

neries, 396. 

,, Inlluenee of, on mashing and 

boiling in brewing, 214. 

,, in soap, 265. 

,, in woo<l. Perctuilage of, 97. 

,, London deep well, 210. 

seals prevent tsi from freezing, 
274. 

,, spray in vitriol making, 13. 

,, tannin, .397. 

W.iterproofed in.ilelies. 437. 

Water.s rendered lit for brewing, 
2ltt. 

Water-whiti' kerosene, 131. 

Wattle bark, 4IH>. 

Wax, A^liilter.if ions of, 256 ; Bleach- 
ing of, 25(», 268 ; Chrtimic acid for 
bleaching, 256 ; for oandloH, ‘268 ; 
•lapan, 243 ; Melting jKhnt of 
paraflitj, 112; Myrtle, 243 ; Paraffin, 
112 ; Paraffin froni j^wtrfleuni, 
131 ; J^araffin in llussian petro- 
leum, 133; Propf^ticB of, 256; 
Sealing, 25!f. 

Waxe.s defined, 241. 

♦ifferenee of, from fats, 241. 
,, Hydrolysis of, 241. 

,, Linuid, 244. 

„ Solid, 244. 

,, Winning of vegetable, 246. 
^ebb and Guttmann’s process, 17. 
Weed, Orchella, 347 ; Orchil, 347. 
Weighting silk. 285. 

WW, 346. 

Weldon manganese reco' 


I 


rpee^ 


mud, Compositionfof, 





•Weldon for~epurffic»tion;76,' 
’* Ohemieti^ of, 43 

™Wney. process, Chlorine 
recovery by, 

** process fSinctiob of calcium 
X. ^ ,<^Woride m, 43. 

W^method of making vermilion, 

waporatora, 178. 

Whale, Blubber of, 266. 

Wheat starch, 200. 

W^skey 225; Content of alcohol in. 

m,l’f fof- 225; Fer^ 

mentationofwortfor, 226 ; Frac 

Fn«l in, 227 - 

fl^wy cask for maturing of, 227 • 
of, 226; Wort 

White acid, 439. 




M uiue aom, 439. or, :i58, 446. 


Sr. M '"l ^ ‘ '• '"'Og hides. 

from,“r'‘“‘“-'«»f“aeid 
White galls, 397. 

I, . leather, 413. 

?™i Adulterants of, 
873 ; Bisohof 
Caledonian, 
*74 , Chamber method of making 

• 'S72.’r ^ “f ™»hing 

; Cornposition of, ,373 ; Dutch 

87?’ Chemistry of, 

371 Milners process of making, 

S’in/r8 '”p P"''^ 

^ process of 

making, S70 ; “ aSublinied,” 374. I 
White pigments, 370. 

” >1 containing lead 

373. 

fi sour, 2S5. 

M suffar 194. 

M , Vi aiol, 450. 

wine, Vinegar from, 236. 
dSuio, 374 (see also white). 


I Sf leirthor, 417; 
TO»tosra«h 376. 

I jjhiting, 376. 

wtt of'pMKfle. 28T. , : 

‘n?Bd>?^:Sks?2?^"'«‘9'^‘«.868. 
Willow bark, 416 

Bouquet of 222 , Cause 

if’ ■• Crust 

» defined, 220 ; Effect of 

of“223°* 7*8 ® “PP” 

T«fl ' Index of genuine, 2^ i 

Muence of temWrXre on pVo- 
ied Ml’. for 

s^Wte,M’lfv?n”rr‘2?6?™‘’“^" 

Compositionof, 23®8; White wSr 
^5'"’ag?^|^''>^“>‘'yfrfni,' 

Plastered, 224 ’ 

Bo- oil of. 

258, 446. 

Withonte, 457. 


Wohl’s process, 191. 

a,s manure, 124 • 
ashes Potash from, 455 ; Bar, 346 • 
Brazil, .345 ; Cam, 345 ; CarCis^ 
mg, in kilns, 99; CarbonisiiiTin 
retorts, 100 ; charcoal for purifenu 
:r"‘’8'?.;.^struotivedLllS 
Of, 97, distillation, Yield of acetic 
acid by, 104 ; distillation, Yield of 
products from, 101 ; Exothermic 
decomposition of, 105; Fustet, 346- 

g-H, Analysis of, 105; Lima, 345* 
M^rjufacture of paper f— ' ' 

nn.nlif.*so ino i 




^wjiiuaciure ol paper from ’ 366 •" 
naphtfta 103; naphtha, Denaturing 
alcohol by, 234 ; Peach, 345 ; Per? 
centage,tof water in, 97. 

Meet of light on mediianical, 366; 
Magivj^ium bisulphite for making, 
368; Mechanical, 366; /<,6dium ' 
sulphide for making, 368 ; Sulphite 
grwess hk making, m ; Yie& of, 

WoerJ rendered fireproof, 155. 

Wood, Santal, *346; l^pan, 346; 





; gpirit, Comp^itfon <jf. 
‘104 ; Stainirfg, 450 ; t*r» 102 ; tar 
oreosote, 102 ; 281 ; Yellow 

Brazilian/ 345 j^Yiald of charcoal 
from, 99, 101 ; Y^eld of oxalic acid 
from, 443. w 

Wool, Action of alkali on, 290; 
Weaohing, 282 ; Cotton, 278 ; 
**l)iaeased,’^ 275 ; Dyeing, Avith 
acid colours, .357 ; Dyeing, with 
basic- colours, 357; Dyeing, M idi 
direct dyes, 356; Dyeing, Mith 
mordant colours, 358 ; fat, 276 ; 
fibre Analysis of, 276 ; fibres, 
Length of, 275 ; fibres, Properties i 
of, 277 ; Class, 281 ; grease, 276 ; ' 
Hygroscopic character of, 276 ; 
Moistiii'e in, 278 ; printing, .363 ; 
Raw, 270 ; Slag, 281 ; “Staple” of, 

275 ; Structure of, 275 ; sweat, 

276 ; Avasliing, 276 ; Wood, 281 ; 
Yellowing of, by soap, 28.3. 

WorniM'ood, 230. 

Wort. 211 ; Anal^^ais of, 214; Attenu- 
ation of, 215 ; boiling in hroM-ing, 
213 ; cooling in lirewing, 21.H ; 
Fermentation of, 214 ; for vv'hiskey, 
226 ; for whiskey, Fernicntation 
of, 226 ; “ Pitching,” 215. 


61 ? 

brewing, 

214 ; pure, (jultivation of, 218 * ‘ 
^ reproduction of, ConditiooB in- 
fluencing, 215 ; Top, 216. 

Yeasts, 204. 

Yellow, 'Alizarin, .3.59. 

,, arsenic, 406. 

colour iinjiartod to margarine, 
2.54. 

,, colour of bleached cotton 

• col lected, 280. 

„ pho^phoru.s, Properties of, 

4.34. 

,, |•i;4Illenta, .381. 

„ pfu.ssiato of potash, 4C1, 462. 

,, tint of starch coitocUhI, 

202 . 

M ritaii, .357. 

M vegctahle colours, 345. 

,, wax from petroleum, 132 

,, wood, Brazilian, .345, 

yellowing of eool by swip, 28,3. 

Yolk, 270 ; JNitash from, 455. 

Yolk of egg u.s(>(l ill tanning, 41.3, 
York.‘^hirc grca.se. 270. 

Young and J.- ilby retort for shale 
<li.st illation, 108, 109. 

,, (Vos.s and, cyanide procoB*, 

4(>2. 

fustic, 34«», 

M ine, 222. 


Xanthine in beet juice, 179. 
Xanthorhamnin, 340. 

Xylene, Boiling point of, 88. 
Xylidine, 305. 


Yaryan evaporator, 185. 

Yeast, 215 ; Analysis of, 216 ; Analy- 
sis ofa.shof, 216 ; Baclcn.i in, 2Ui ; 
Bottom, 217 ; Charactcri.stics^of 
good. 218 ; Condition of nm# for 
rapid propagation of, 217^ Kndo- 
genous divi.sion of, 215 ; Fis.sion of, 
215; for distilleries, 22(i^< Join nia- 
tion of, 215;^ Moulds in, 218; 


ZArKUK, .379. 

Zaml)c.si blues, 354. 

ZiTo point, '.rhorniometcrs of con- 
.st.ant, 174. 

Zcttlitz kaolin, 1.56. 

Zinc chromate, .382. 

<Iu Hi as a discharge, ,362. 

,, oxide for hydrolysing fata, 2f0. 
,, ,, Preparation of, 3f4.^ 

Hulpliatc, 4.50. 

Ziiic while, 374 ; AdiBlterations of, 
.374 ; discoloured by cadmium 
oxide, .374; discoloured hycadniiiira 
sulpilW*, .374 ; Orr'a, 375 ; Purifi- 
cation of, 374. 

Zymase, 201, 216. 
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